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BASIC IDEAS OF CONFERENCE 
and 


LETTER OF INVITATION 


The following ideas received consideration in the planning of 
the Conference. 


1. The breeding and production of varieties of wheat of high 
yields, of satisfactory quality, and possessing resistance to stem 
rust and to other diseases, is work to be done essentially by 
specialists in plant breeding as leaders, but their work can not be 
successful without strong aid and cooperation from workers in allied 
fields of science, as for example, the agronomist, the plant path- 
Ologist, the plant physiologist, the cytologist, and the chemist. 
Furthermore, a successful wheat breeding program must enlist the 
hearty cooperation and assistarice of the practical farmer, the busi- 
ness man, and various educational forces. 


e. The end in view in the production of new wheat varieties is 
economic in nature, but the method of procedure is highly technical 
and therefore the best scientific methods must be utilized for the 
sake of economy in time and money as well as for efficiency. 


3. While marked improvement in wheat varieties is possible by 
the use of methods and knowledge now in vogue, any well-planned pro- 
gram must include within its scope scientific research in order to 
discover new facts about inheritance and other problems involved. 


4. Further expansion or elaboration of present work in the im- 
provement of existing wheat varieties is dependent upon increased 
funds and man power, and upon closer cooperation and organization of 
the forces now in action. 


Letter of Invitation 


Results during recent years have indicated marked possibilities 
in the way of modifying present hard spring wheat varieties for the 
development of resistance to black stem rust and to other diseases. 


It is believed better organization and coordination should be effected 


among the various men and institutions concerned in order to make the 
work more efficient and to hasten results. In order to formulate and 
lay out a program along the above lines, I am inviting you to a con- 
ference at ten o'clock, March 27, 1925, at the North Dakota Agricul- 
tural College, State College Station, Fargo, North Dakota. 


ADDRESS OF WELCOME 


Dr. John Lee Coulter 


(President, North Dakota Agricultural College) 


After formally welcoming the group to Fargo, Dr. Coulter said: 


"] am very glad to note that all of the different groups of 
people interested in the hard spring wheat industry are represented-- 
‘that is to say, we have here farmers, scientists, business men rep- 
resenting elevators and the milling industry, as well as those rep- 
resenting the railroads, the press, and business in general. 


"It is vunnecessary for me.to call attention to the.fact that 
the hard red spring wheat grown in.our section of the world repre- 
sents annually from 10 per cent to 20 per cent of the world's wheat 
crop and that this particular variety holds a place equal to and 
probably superior to the wheat crop grown in any other part of the 
world. Because of the tremendous importance of this industry, which 
is worth an average of more than half a billion dollars to the people 
of this northwest area this year, it is well worth while to come to- 
gether to attempt to better coordinate cur activities and to find 
ways and means of increasing the work which is being done in order 
to secure even greater results in the future than have been secured 
in the past. 


"For many years it was thought that this crop could be grown 
continuously year after year on the same soil without danger of 
deterioration of either the soil or the wheat. Students of the sub- 
ject, especially the scientific men, have long realized that this 
could not be continued. . Possibly the average farmer also realized 
this but has waited hoping that leadership would point the way to a 
better system. 


"Our representatives of the provinces and states and national 
governments in cooperation with other agencies have now well developed 
programs looking toward a vast development of the hard spring wheat in- 
dustry. -In some areas this must come in the form of high yields of 
wheat in rotation with other crops and, with livestock in a highly © 
diversified system of agriculture. 


"One of the outstending problems, however, is that of breeding 
strains of wheat resistant. to or immune from rust and other diseases 
or pests, while at the same time retaining all other good character- 
istics. It is this: problem which is to receive special considera- 
tion at this meeting." 
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SEEING ALL SIDES OF A COMPLEX PROBLEM 
By Carleton R. Ball 


(Senior Agronomist in Charge of Cereal Crops and Diseases, Bureau of 
Plant Industry, U. S. Department of Agriculture) 


We are met to consider a more comprehensive and cooperative at- 
tack on an important and complicated problem. Concretely stated, it 
is to produce better wheats. 


As an introduction to program building it seems worth while to 
present some phases of the problem which center in the personnel in- 
terested in it. These are submitted under three heads: 


(1) The end desired by each group concerned; 
(2) Why they do not all see the problem alike; and 


(3) Unity of scientific belief and purpose needed. 


1. The End Desired by Hach Group Concerned 


In the following paragraphs are set forth the immediate viewpoint 
and desire of the farmer, the breeder, the pathologist, the extension- 
ist: (county agents, editors, etc.), the grain dealer, the miller, and 
the baker. 


The Farmer: The man who grows the crop wants a consistently high 
yielding variety which will stand for harvest and be of such quality 
that he will not be penalized in price. 


The Agronomist: The agronomist wants a variety of high yield and 
good quality, adapted to the climatic conditions and to harvesting 
methods which are or may be employed, resistant to all the prevalent 
physiologic forms of stem rust and the other major fungus diseases of 
wheat, with high content and quality of protein, and possessing the 
other characteristics required by the miller and baker. 


The Pathologist: This contributor to the breeding program is 
interested primarily in the reaction of the variety to attack by 
fungus diseases. He ardently desires that it shall be a good variety, 
resistant to all the prevalent physiological forms of stem rust, leaf 
rust, rough-spored bunt, smooth-spored bunt, loose smut, and the 
various seedling blights and foot rots. His range of requirements 

is relatively narrow in its scope but of greater intensity in the 
pathological field than that of the agronomist. 


The Extensionist: The extension agronomists, extension patholo- 
gists, agricultural editors, county agents, executives of cooperating 
commercial groups, and all other community or regional publicists, 
desire a variety which they can boost whole-heartedly without need 
for explanation now or fear of a comeback later. 


The Grain Dealer: Under this title are grouped the local buyer, 
the elevator companies, commission men, and members of the grain ex- 
changes. They desire a variety of consistently good performance under 
varying environments, which will serve to standardize quality and to 
stabilize the grain market from year to year, They further desire a 
variety which is readily identified in commerce and of such quality as 
to cause it to be sought after. 


The Miller: The man who manufactures flour has much the same 
need as © the grain déaler, i. e., a variety of consistent perfor- 
mance, assuring him a continuous supply of high grade smut-free wheat 
of wmiform weight and texture, easily scoured, with large protein con- 
tent, large flour yield, high quality and content of gluten, and 
splendid baking qualities. 


The Baker: The man who manufactures flour into bakery products 
for the ultimate consumer desires a flour of continuously uniform 
quality, low ash content, great water absorption, large loaf volume, 
and good color and texture of crumb. 


It may be thought that these separate requirements and desires 
of the different groups of workers concerned are one and the same. 
Apparently this is not wholly the case. 


es Why They Do Not All See the Problem Alike 


The farmer wants bushels, ease and certainty of harvest, and 
price. He cares relatively little about any specific character or 
quality so long as the average performance and net return are good. 
Without further information he will not be interested in resistance 
to the several diseases except as one of these develops a destruc- 
tive epidemic, as has been true of stem rust and stinking smut. He 
will be interested in quality only so far as it is reflected to him 
in the price. If protein figures in the price scale he will be in- 
terested in high protein but will not be concerned about crease 
dirt, or flour yield, or the ash content; color, or gluten quality 
bi the tlour. 


The agronomist, who is looked to by the farmer, on the one hand, 
for a variety of high yield and good quality, and by the grain dealer, 
the miller, and the baker, on the other hand, for varieties having 
certain specific characteristics required by the trade, naturally 
must be deeply concerned about many definite characters in the pro- 
posed wheat quality. Besides general high yielding power and quality 
he is concerned with such specific characters and qualities as length 
of straw; strength of straw as shown by resistance to crinkling and 
lodging; resistance to shattering by hail, wind, or overripeness; rel- 
ative time of maturity with relation to the occurrence of hot winds 
and diseases; general and specific resistance to disease-producing 
organisms and their prevalent physiologic forms; kernel characteristics 
with relation to holding of dirt, smut spores, etc.; kernel texture as 
influencing bushel weight and market grade; total protein content; 
gluten quality; percentage of flour extraction; and the various flour 
characters that go to make up milling and baking quality. This is the 
scope of agronomic interest in the new varieties. In actual practice 
some of these may be forgotten or neglected. In any case, some of 
them will not loom as largely important to the agronomist as they will 
to some one of the other groups concerned with the variety and its 
product. This the agronomist must remember if he is to render the 
greatest service. 


The plant pathologist will be concerned primarily with the resist- 
ance of the variety to each specific disease organism which is of im- 
portance in the area and to the more abundantly prevalent of the physi- 
ologic forms of these organisms, so far as they have been isolated and 
identified. In this particular field he will naturally wish to go much 
further than the average plant breeder and may be inclined to insist on 
his viewpoint as against the more general viewpoint of the other. Fre- 
quently his tendency will be to forget the stress laid on certain points 
by the baker, the miller, the grain dealer, or even the farmer, and to 
magnify those points with which he is most familiar and the importance 
of which he is best able to judge. 


The extension workers and publicists contact primarily with the 
farmer, and hence they want in general to provide what the farmer 
wants. Beyond that, however, they are educators and desire to awaken 
in the farmer an intelligent appreciation of what science can do for 
him. They encourage him, therefore, to want more things and to under- 
stand why he wants them. The extensionist contacts also with the com- 
mercial world and is somewhat sensitive to their specific viewpoints 
and desires. He is likely to be willing to agree with each in his 
specific requirement when it is demonstrated to him, but because of 
the multiplicity of his ‘interests is not: likely to get a clean view ier 
the entire range of requirements unless he makes a special effort to 
GiOt SOx. 


The grain dealer wants uniform and continuous volume of business, 
He wants grain of quality but is little concerned with the method by 
which quality is assured. - Whether chemical control, or breeding con- 
trol, or some change din the method) of production, he isiin favorlor 
it, if it tends to maintain quality. He likewise prefers relatively 
low price and active demand, even though the farmer is not so much 
profited by the ‘production: On: the other hand, he is more (sensative 
to the requirements of millers and bakers because his sales volume de- 
pends in part on his ability to supply what they want. As between 
the breeder, the pathologist, the farmer, and the extension worker he 
takes no sides. He may/criticize the farmers for sowing weedy seed, 
or for growing mixed varieties, or grain of poor quality, and have 
Litthe “conception iof, the farmer's Minancial inability. to evordieeus. 
so. Likewise, he may criticize the treeder for not producing disease-_ 
resistant wheat, or the pathologist for not discovering a chemical 
method of control. He must bé educated to appreciate the difficulties 
of each of the groups of scientific workers. . 


The ‘millervis still further removed from the farmer, \the preecer, 
and the ‘pathologist than is) the dealer. \He is pleased with high quak- 
ity and ‘Low price, rather than) by high: quality and heh ‘prace, amc, 
therefore, may not be naturally sympathetic with the farmers!' desire 
to make good profits. He is displeased with mixed grain, weedy grain, 
smutty grain, and damaged grain. But he has little knowledge of the 
problems of the farmer who has to contend with the causes of these 
lowered qualities and has to suffer the financial losses they occasion, 
He is sensitive to his own problems of extra cleaning, extra tempering, 
and lowered extraction, which these conditions create, and may criti- 
cize farmer, scientist, and teacher alike in his disgust with their 
product when conditions have been unfavorable. He also mast have sym- 
pathetic and constructive education. 


sees 


. The baker is at the end. of the long list of wheat experts. He 
has to make the end product. This puts him between a very red hot 
devil and a very cold deep sea, On the one hand are the farmers, 
extension agents, agronomists, and pathologists, pushing along toward 
him some new wheat which he secretly fears, or openly avows, he does 
not want and can not use. On the other hand he dreads to hear the 
ungentle voice of Mrs. Vox Populi, telling the listening world that 
she never will buy any more of Blank's rolls or loaves, but will trade 
with his esteemed competitor henceforth and forever. To him a taint 
of garlic or smut may scent the bakeshop air more than would all the 
perfumes of Araby the Blest, To him .05 of one per cent of excess ash 
may loom larger than do all the problems of the farmer and dealer com- 
bined: The remedy is to invite him in to the breeding and testing 
game very near the start, so that any existing prejudice may be dis- 
pelled, or avoided, and the value of his viewpoint utilized, 


3. Unity of Scientific Belief and Purpose Needed 


There is the greatest need for a larger community of belief and 
purpose if this proposed program is to succeed. In the two previous 
sections of this paper there have been set forth (1). the ideal each 
group has before it, and (2) the reasons why the different groups do 
not see the ideal exactly alike. The different ideals prove to be a 
Single ideal, seen simply from different angles. The emphasis laid 
by each group, however, on its own particular viewpoint may lead to 
divergent belief and action, each good in itself but harmful to the 
common cause. | 


In this third section is presented more particularly the need 
for substantial unity among the personnel of the scientific groups 
themselves. The agronomist and the pathologist need to be more than 
brothers im this proposed cooperative program, they need to be real 
Siamese twins, one and inseparable. This applies more especially to 
the agronomists and pathologists because there are more of them and 
because on them falls the larger part of the labor of this proposed 
program, It includes, however, the whole range of extensionists, 
comprising the college extension workers, the county agents, the 
editors of the farm and trade press, and the publicity men of the 
commercial groups. Nor can the commercial groups, the farmers, 
dealers, millers, or bakers, be left out of this requirement of 
friendly understanding. 


A glance at the history of the human race shows us the ill effects 
of lack of unity. Movements, nations, and even civilizations have been 
jeopardized or destroyed because of splits or schisms among the people 
involved. Unity is seen to be the price of continued existence, not to 
mention effective results. 


The Master Teacher Himself taught us that much of wisdom when He 
said;. "Every kingdom divided against itself is brought to desolation; 
and every city or house divided against itself shall not stand" (Matt. 
12:25)... And in His last prayer for His disciples, just before His 
death, He prayed, not once but thrice, that they might be one in com- 
munity of belief and deed (John 17: 21-23). 


Likewise Paul, in his first letter to the Corinthians, taught 
unity of need and purpose through the simile of the human body. 


"The body is one, and hath many members, and all the members of 
that one. body, being many, are one body (12:12). For the body is not 
one member but many" (12:14). "If the whole body were an eye, where 
were the. hearing?. If the whole were hearing, where were the smelling?" 
(12:17)... "And the eye can not say unto the hand, I have no need of 
thee; nor again the head to the feet, I have no need of you" (12:21), 


The causes for lack of unity may be (a) failing to get some of the 
facts; (b) prejudice (judging in advance of the evidence); or (c) dif- 
ferences in judgment as to the weight and value of certain facts. 


The remedy lies in a friendly get-together, like the present con- 
ference. It lies in a desire and intent to get all the facts. It lies 
in a recognition of our prejudices and a conscious effort to keep our 
minds open to ali the evidences that can be adduced. It lies in an 
earnest and intelligent willingness to recognize our individual limita- 
tions of knowledge and experience and to harmonize our judgments on the 
basis of the wisdom of the large majority. This is the spirit of democ- 
racy. 


WHEAT BREEDING FOR YIELD, QUALITY, AND DISEASE RESISTANCE 


By J. Allen Clark 


(Agronomist in Charge, Western Wheat Investigations, Office of 


Cereal Crops and Diseases, Bureau of Plant Industry, U. S. 
Department of Agriculture) 


WHEAT IMPROVEMENT 


The existence of different varieties of wheat has been recog- 
nized for more than 2,200 years. Theophrastus, writing about 300 
B. C., stated that the "Many kinds of wheat grown take their names 
Simply from the places where they grow." For centuries nature and 
man have been working together for improvement. 


In the United States, introduction from foreign countries was 
the first method of obtaining better varieties. Selection from in- 
troduced and domestic sorts followed. Finally, hybridization is 
furnishing a more scientific method of originating new and improved 
varieties. 


Outstanding examples of introduced varieties of wheat are Tur- 
key and Kharkof (hard red winter), Baart and Federation (white), 
Arnautka and Kubanka (durum), and Red Fife (hard red spring). Im- 
portant examples of improvement by selection are Kanred in Kansas, 
Trumbull in Ohio, Red Rock in Michigan, Kota and Nodak in North 
Dakota, and Mindum in Minnesota. The classical example of improve- 
ment by hybridization is Marquis. Others are Fulcaster, Triplet, 
Hybrid 128, Minturki and Ruby, all important varieties representa- 
tive of the different classes of American wheat. 


HISTORY OF WHEAT BREEDING FOR DISEASE. RESISTANCE 
Breeding for resistance in wheat to different diseases has been 
scientifically pursued since the rediscovery of Mendel's law in 1900. 


FOREIGN 


Biffen of England, in 1907, was the first to investigate the 
inheritance of resistance to the attacks of stripe rust, Puccinia 
glumarum. WNilsson-Ehle of Sweden, and Fole-Evans in South Africa, 
later confirmed the early results of Biffen showing that resist- 
ance was inherited as a recessive character. 
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Farrer of Australia, in 1901, was the first to attempt to bring 
about bunt resistance in wheats by hybridization. His work resulted 
in the development of two resistant varieties, Florence and Genoa. 
After Farrer's death in 1906, similar work was continued by Sutton. 
While Saunders of Canada did not give primary consideration to diseases 
in his wheat breeding, the resistance of Marquis to leaf rust and bunt 
are among the principal factors responsible for its wide adaptation 
and successful production. 


AMERICAN 


American wheat breeders working primarily for bunt resistance 
are Gaines in Washington, and Briggs in California. Mains in Indiana, 
Johnston in Kansas, and Leighty of the U. S. Department of Agricul- 
ture, are all breeding wheats resistant to leaf rust. Breeding for 
resistance to stem rust in the spring wheat area of the United States 
and Canada is engaging the attention of many Federal, State, Dominion, 
Provincial, and private workers, most of whom are here assembled. 


OUR SPRING WHEAT AREA 


While spring wheat is grown on approximately 20 million acres in 
ou States, the principal acreage is in the four States, North Dakota, 
Montana, South Dakota, and Minnesota, their relative importance being 
in the order named. In these States nearly 17 million acres are grown, 
of which abéut 5 million acres, or 30 per cent, are in durum wheats. 

Of this 17 million acres, approximately 15 millions are subject to in- 
jury from black stem rust. An equal area, subject to similar losses, 
extends northward in Canada. 


SUCCESSION OF VARIETIES HAS BEEN THE RULE 


The commercial growing of the so-ealled Bluestem and Fife varie- 
ties was cOincident with the settlement of the northern spring-wheat 
area of the United States, from 1875 to 1900. By 1896, Russian immi- 
grants had introduced Arnautka durum, and in 1899 the United States 
Department of Agriculture introduced Kubanka and other durum varie- 
ties. Durum wheat became popular with growers because of its resist- 
ance to stem rust and drought. That rust has been the principal fac- 
tor for the increase in durum is indicated by the gradual northward, 
rather than westward, movement of its centre of production... The rust 
resistance of Arnautka and Kubanka was commonly recognized, in corm- 
parison with the previously grown Red Fife and Haynes Bluestem varie- 
ties and later with Preston or "Velvet Chaff," which became commer- 
cially grown about 1905. In 1912, Marquis was introduced from Cansda 
and soon, became popular because of its earliness and presumed ability 
to escape rust. After the severe stem rust epidemic of 1916 three 
resistant durum varieties, Pentad (D-5), Monad (D-1), and Acme, in- 
creasec in acreage: The rust resistance a@® Kota was discovered in 
1918 and it became commercially grown by 1922. At least 1,500,000 
acres of these rust-resistant varieties are now grown. 
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Other varieties have come and many of them have gone, due to 
their low yield, poor quality, or susceptibility to disease. ° 


IMPROVEMENT OF VARIETIES 


The scale for weighing the fitness of a new variety to compete 
with the old has been its comparative yield and quality as determined 
from varietal experiments conducted at our publicly supported State 
and Federal agricultural experiment stations. In the four principal 
spring-wheat States there are 24 such stations, representative of dif- 
ferent grain-producing sections. Varietal experiments at some of 
these stations have been continuous from their establishment, while 
at others they have been abandoned and resumed as financial support 
has fluctuated. 


These experiments have been fundamental to the development and 
prosperity of our spring wheat area. The original investment in these 
experiment stations represented fully a million dollars, and their 
present worth is now much more than that. We all are responsible for 
paying dividends on this investment. Their most efficient use, there- 
fore, should be our joint duty. They have paid good dividends’ in the 
past. Can they be made to pay larger dividends in the future? 


Service to an area of 20 million of acres having an average acre 
yield of but 12.5 bushels and a production of 250 million bushels, is 
our challenge. An increase in yield of one per cent would represent 
2,5 million bushels or 100 per cent dividends on the present value of 
the public investment in stations and personnel. 


Yield and Quality 


The varietal experiments conducted at 12 stations in North Dakota 
and South Dakota during the past 25 years have shown that Kubanka 
durum has outyielded the original Bluestem and Fife varieties by LO 
and 20 per cent, respectively. The experiments show that Kubanka has ~ 
outyielded Preston or "Velvet Chaff" by 25 per cent. Since 1916, Mar- 
quis has been the principal hard red spring wheat and Kubanka has out- 
yielded it in the Dakotas by about 15 per cent. Kubanka has outyielded 
the more recently developed Kota by about 10 per cent, while Kota in 
turn has outyielded Marquis by about 5 per cent. 


Varietal improvement has not been confined to yield. Improvement 
in the quality of new productions also has been made, although this is 
harder to obtain and measure. The improved quality of Marquis over 
that of varieties previously grown, however, is beyond question. 
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Continued improvement in both yield and quality has been indicated 
in recent experiments with new varieties bred for rust resistance, 
With the discovery of resistance to black stem rust in the common 
wheats, Kota and Kanred, the problem of breeding for rust resistance 
appeared to be much more simple than was formerly the case, when it 
had been necessary to obtain resistance through species or subspecies 
hybrids between durum and hard red spring varieties. Much of the 
early work was done in Minnesota, using the Ivumillo durum, which is 
very resistant. The popularity and commercial importance of Marquis 
made it the logical variety for crossing to combine high yield and 
quality with resistance. 


New Varieties 


Hybrids between Iumillo and Marquis produced in cooperative ex- 
periments at the Minnesota station resulted in the Marquillo variety. 
So far, the only named spring variety resulting from crosses between 
Kanred and Marquis is Reliance. From the crosses of Kota and Marquis 
the Ceres variety has beey developed by the North Dakota station. 
These three varieties have been advanced from nursery to plot experi- 
ments and have been tested at some of the experiment stations during 
some of the years since 1923. 


Among durum wheats, crossing has not yet resulted in the produc- 
tion of a new variety. The Mindum and Nodak varieties, developed by 
selection, are the most promising for the rust area. 


The annval and average yields of Ceres, Marquillo, Reliance, 
Mindum, and Nodak since 1923, in plot experiments in comparison with 
the standard Marquis and Kubanka varieties at 22 experiment stations 
in six States, are, shown in Table 2. |The average: yields or ous 
varieties, when the comparable tests were with those of Marquis at 
each station and in each State, are given in percentage of Marguis, 
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Table 1. Annual and average yields obtained from Marquis, Ceres, 
Marquillo, Reliance, Mindum, Kubanka, and Nodak spring wheats 
grown in replicated plats at experiment stations in Minnesota, 
North Dakota, South Dakota, Nebraska, Wyoming, and Montana, in 
some or all of the years from 1923. to 1927, inclusive 


: : a Yield, Bushels per Acre __ 
state and “Station /iYear:  Hard-Red Spring | ; Durum 


‘Mar- : :Mar- :Reli-:Min- :Kuban+ 
uy ; iquis :Geres:quillo ance:dum j:ka : Nodak 
MINNESOTA 
- St. Paul 1903) 19.5 16.6 
: V9). 33.3 2.6 ou, 9 


1920-4529. vot, ie WSS ~B6,e 
1926" 16) Seo. oS hel 1608 wee 
HO27 eon Sh BLS 7 MOORS ha 


eee Oe 


Average - bushels 23.6 26.2 
Percentage of Marquis 100.0 130.7 108.5 105.0 111.0 pe 
Crookston EGOS YT ES. e Lite 
: L9o4 (Soo, 5 Sapa 35; 
ged Ne acs Saad BS BoE ae nC 40.2 
1926 25,4 "31 ,.6°935,0 35.4 
WO29 819, SWes. Sele. S. eispGukcone 
Average - bushels e1.H 30.9 
Percentage of Marquis 100.0 121.8 140.3 80.0 144,4 
Morris 1923 23.6 ot 
1924 28.9 | 27.9 28.3 
L956 sea 7, bib. Gi 8S0. Gotoh Aye 
1926) TOVB/Sb7 7G eli 2: 1S) Ledeen 
VOOR S7ee OS OMS. 9 ylereetaies 
Average - bushels 21.95 28.2 
Percentage of Marquis 100.0 104.9 115.2 -78.7 131.2 
Waseca 1923) 2b Sete 
LOelk. B72 sO} 35.1 
1925 2b Be Gy Tears. 6 1 pl gS 
1926 16S>* 2 Ssh C US eeno.0. 30.5 
7 LOS? DAMP Sup eon e nS, 3. 27.8 
Average - bushels 23.6 28.7 
Percentage of Marquis 100.0 112.7 104,6 86.3 121.6 im 
Grand Rapids 1926 1075 1t.2 
1924 15.0 1594 13.9 
1925. 19eNeol ee e1.3 18.4 
1936 $25. 3083885035.8 25.2 
1927 EG: LoCeGe! re ae he 
Average - bushels Awe] . LSeO 
Percentage of Marquis 100.0 114.3 120.0 LO7.3 ¥ 
STATE AVERAGE - bushels Pree 26.6 
_Fercentage of Marquis 100.0 117.6 117.3 89.9 123.7 
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TabLleed . «xi Como nied) . oikiy 
: i Yields. Bughels pec kere 

IS POs ROG ODPL Mees at \. DULG) pe ae 

State and Station) > :Years;Mar— ‘Mar- :Reli-:Min- :Kuban- 

: aguas: Ceres: quillo, ances dum ska : Nodak 


NORTH DAKOTA 


Fargo 1:925%) 25D, Biome ou 0 SSUO:/ (OV Gi egaae 
L920 60.8 HBS 13S See 
1925: 23.9" 29.2 OF) Sind. 0.0 35.0 Sime eae 
1 926K 1602 Oar AL O26. .25.3>) Soy eee 
M927) 80. 2) 00) YOO. Weel YSU. BOs 
Average - bushels B68) 1G. S 36.2 Sipe Sie 
Percentage vof Marquis. ) 100.0 127.0 311.0'100.0 135.6 117.6 1igso 
Mandan £926. 12.9 THO. eo aaa 
TOO os le aye 256. 20. Bin ee eee 
T9s5: (Lye) Love he, Spoe® 192 Tee 
LOQG EONS Be oii Fe Bie Qa. 
1927 Pb. 4k 998. 6 a5.) 26.6 | 99.6 215 aaa 
Average - bushels yl 15.3. ,15,9 ee 
Percentage of Marquis 100.0 110.2 95.5 104.8 106.3 110.4 113.9 
Dickinson 1908 726.38 20.9 Plano 22:9 ae 
LSGH wee e LOG. a, 23690: DSO. 120 Cy aaa 
1985 1.7 20. E 2E4, Queso. La OG, Se 
LOSS eo. 2 Th a6. Balbir 8 eS 6 
LOS Sue Wee eh lO. 5 Oa. sol a 
Average. - bushels COE 7 MeN ae Pa 16.6 2955) eee 
Percentage of Marquis 100.0 119.2 92.1 106.1 99.4 104.8 108.4 
Williston 19am Bole NaS ee 
O27 ii POND NSU is 28.9 BOg ee 
Average - bushels uo. Bons 32. Oy Oe 
Percentage of Marquis 100.0 115.4 99.0... ONVa eee 
Langdon A B26 eh Laie. Mabou ge 
OSG AO teed ep a6, U4 
LOOP 26 Ah BOUL Sb 33,6 180.1 7 Oe 
Average - bushels Poe Vegee eee) 
Percentage Of Marquis) 00/0115 136.4 ones 128-7 Otel ee 
Edgeley 1925 2oa2 j oOo 
1927 18.9  25U8C teGuu 1607 Oe on 
Average - bushels LELbi 27 29 
Percentage of Marquis’ jLOO,O2TS0: 07 Le3n8 98.9 113.8 202.1 
STATE AVERAGE - bushels DOM 


Percentage of Marquis 100.0 TPOV1tt0S. 7 106chians ies Boo 


SOUTH DAKOTA 


Redfield Lear i wae e1.3 
TOU iO. poe, 
LOPS L250 129483 1 17S oes 18.9 24.0 
1986, / GyS Oe 7 ue eae 6.6) ae 
1927) Boe BO.) iO a SoeO Seas 
Average - bushels 21.3 22.9. 
Percentage of Marquis 100.0 132.1 104.9 95.1 107) > Dee 
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Yield, d, Bushels pee Acre 


mereenard. Red Spring. |. _Durun 
State and Station Wes Mar- : >Mar- :Reli-:Min- :Kuban+ No- 
Sic en : PGoi8. Ceres, guidlo. ances dum: ks . cak 
SOUTH DAKOTA Cont'd 
Brookings Geo) ee 7, SS 
1924 27.1 Peer. 7 ORL AG 
1Gen, 10) pore Nowe 3766 
1926) lle + 0.5 PO0G.. 17-9. 22.9 
192% 126. 741.23.0 1922 120.9 935.7 
Average - bushels 1740 22.1 20.4 
Percentage of Marquis LOGs Or Led. 2 130.0 120.0 144.2 
Highmore 1953. Fue ol Reng 
1924 28.6 Pa ty a 
1925, 12,5" 16.9 Vee dee) 1b. 9 
19260" O07 Gre Oey aru, | Oed 
1927 Slt oT 3029 .00+9 3029 
Average - bushels 16.4 16. ee AGL 
Percentage of Marquis 100 stat Gt | ee 115.2 113.4 108.9 
Eureka 1927 Net SD. S pupa. So! 43.6 
Percentage of Marquis ADO Oe Loos? 179.1 145.1 185.5 
Ardmore 1923 25.0 a4. 4 
PO BU ee 4? 
DUO Ge poet 18:3 
1926 gee bee 76 Bee). Bea 
192% Bee aoe 38.6 40.0 47.0 
Average -— bushels 19.2 18S ed 
Percentage of Marquis 100201102.2 102.2 102.6 119.3 
STATE AVERAGE - bushels Loe Aue, 
Percentage of Marquis LOGO LeteO LON 9b. 2 1o0,) Lie. 8 136.2 
NEBRASKA 
Lincoln 19252 1355 S31 
1924 10.9 USsio 
LO2a rake 4.3 
R606. Teh 1.6 
LST . 1Oseie Looe ee ak 
Average - bushels wet 9.8 
Percentage of Marquis 100.0 138.9 108.9 uss) 
North Platte 1924 13.6 DRS A1Ss9 
19e5 Vela Posey 1a tee 1395 16.0 
L92O ie Chea e 9 (a ireaee: Da re 
1927, Pls. Bo.35 > aleeep.6 SA wiel.o 
Average - bushels 13.5 howe. LS. S 
Percentage of Marquis 10030, 10an0 y Boul. 96..0 97.3 98.5 
STATE AVERAGE - busnels 11.0 je, 
Percentage of Marquis __——«'100-0 110-1 85.1 96-3 102.7 98.5 
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ty Yield, Bushels per Acre 
: Hard Red Spring : Durum 


State and Station vYear? Mart: *Mar-— :Reli-:Min-— ;Kubant 
i iguis :Ceres:quillo ance:dum_ :ka :Nodak 
WYOMING 
Cheyenne LOZ \ kes LO. | 
Toe) Vb 29 Tie ieee 
POSDE CEO, (Sab Oe 
POP6N, 15.3% (L508 18:3 Tee 
LOR TEs O9s BP. oh are 
Average — bushels 9.9 14.9 
Percentage of Marquis. __—«100-0 118.5 150.5 137.0 
Sheridan 1903 Toes 26.7 sone 
1924 Seu5 Bo07 seme 
1905) Geet 17. HD. 2 $6.9) “Sou 
TO0bi | Ouse S47 Gen0 Shes) Gum 
TOP ay WS oe) Nes, 43.3 UO Ee 
Average - bushels Savini 3. Sh eee 
Percentage of Marquis. _:100-0 117.0 105.9 99-1 > 96.9 
STATE AVERAGE - bushels 22.4 pm: 
Percentage of Marguis 100.0 117.4 105.9 LOL Pee 
MONTANA 
Bozeman 1925! (83. % 63:3 
1926 34.7 Ale 
19270 Oe. 3 TOUT 
Average - bushels Dee e sai | 
Percentage of Marquis LOGE Gini) S F056 
Moccasin 1923 24.6 ; 2546 Meee 
VOOM 0 Sod Law OU | eg 
VOEe (ee, epee sy ae PLSe: eeu 
1926.) (30.0 "S017 2920 Se. 6 28 4 oo ee 
G27 (hee Aue Bae ee 20.9 - 19-6 
Average - bushels 25.4 ea Spee 
Percentage of Marquis. 100.0 111.5 99.6 107.4 97.6 94.9 
Havre p RS pee RE Wal 20.0 Lene 
POO Os 9.0 ee 
1925 "Tee Pele L7se 175) bee 
TOPE Been Seb 3.9 SiO.) ae 
19207 epee Cope 40.6 Uso. HOw 
Average - bushels Beek 18.4 18.8 
Percentage of Marquis 100-0 104.8 1PG2e 104.0 106.2 


STATE AVERAGE — bushels OG 
Percentage of Marquis 100.0 108.5 | 99:6 107.0 LOOZO. | Sos 


ALL STATION AVERAGE 


Station years 100 64 Lio yo 54 71 55 

Variety 20.6 (23.9 22.6. 2o09" Buu Olea tone 
Marquis same years 20 6 BNO en Bis BOE Si oe en ee ars ea eee | vents 
Percentage of Marquis LO0+0 LIVE? 411.2 10069 Lees 209 aa 
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The table shows that as new varieties have been developed they 
have not been uniformly tested at all available State and Federal 
experiment stations in the spring wheat area. They usually are 
tested at all stations within the State where developed. For in- 
stance, the Marquillo and Mindum varieties have been tested prin- 
cCipally at stations in Minnesota, in which State they were developed. 
The Ceres and Nodak varieties, developed in North Dakota, have been 
tested principally in that State. That these varieties, and Reli- 
ance, have been tested at stations in several other States has been 
due largely to official and wnofficial cooperation between Federal 
and State agencies. The blanks in the table indicate need for more 
and better cooperation in such tests. 


The data for Minnesota show Mindum to be the best yielding 
variety, outyielding Marquis at all stations, and by 23.7 per cent 
on the average for the State. However, Minnesota produces very 
little durum, Marquis being the principal variety grown. Of the 
new hard spring varieties, Marquillo and Ceres have outyielded Mar- 
quis by more than 17 per cent. In LO comparisons in Minnesota; 
Marguillo outyielded Ceres by 0.7 bushel or 2.8 per cent. 


In North Dakota, in experiments at six stations, Kubanka out- 
yielded Marquis at all stations except Williston, and by 10.6 per 
cent on the average for the State. Mindum outyielded Kubanka and 
Nodak at the Fargo and Langdon stations, which are in the eastern 
Part of the State. At the Mandan and Dickinson stations in the cen- 
tral and western part of the State, respectively, Nodak is the high- 
est yielding durum and Mindum yielded less than Kubanka. Of the 
hard red spring wheats, Ceres has outyielded Marquillo and Reliance 
and the leading durum varieties by approximately 10 per cent. This 
shows marked improvement. On the average for the State, Marquillo 
outyielded Marquis by 8.7 per cent and Reliance outyielded Marquis 
by 3.4 per cent. 


In South Dakota, Nodak durum has outyielded both Kubanka and 
Mindum. Among the hard red spring wheats Ceres has significantly 
outyielded Marquis as well as Marquillo, Reliance, and even Kubanka. 


In Montana, durum wheats have not outyielded hard red spring 
wheats. Under rust-free conditions in Montana, Marquis is a very 
high-yielding wheat, but is outyielded by both Ceres and Reliance, 
which also yield slightly more than Supreme, an awnless variety, 
which is becoming popular in that State. In 6 comparisons in Mon- 
tana, Reliance outyielded Ceres by 0.6 bushel or 2.5 per cent. 


The average results from the four States show that Ceres is the 
most widely adapted new hard red spring variety, exceeding Marquis 
in average yield for the whole area by 17.7 per cent. 
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Table 2. Summary of milling and baking data from 23 samples of Ceres 

wheat, and from 22 of these Ceres samples and 22 comparable samples 
of Marquis, grown in one or more of the 4 years from 1923-1926, 
inclusive 


:Comparable samples 


by cipal bls :Percent- 
Descriptive data : Ceres :CerésiMar— .age or 
gs :Samples; uis :Marguis 
Number of samples ; 3: lea eos 
Bushel weight: 
Mil). cleaned seus. aaiinul emtin pounds: 6062. GOnme 58. 72 toa 
Crude protein content of wheat mn eer een Sherer eying 


(Nxl5.%, basis 03.5 pre. moLstume) im. c. : 


Yield: of Straten) feds). eu. ae es eas oe re 103.6 
Vieslaeos shorts sey old alee Noe do ? 12.6 12.7; ae 96.2 
Viedid ote bream!) i ainda sewer lee do ; Bee 13.6: 15.8; &6.1 
Water absorption of flour :4..-- do ; 64.6 | 6, 2: oe 106.8 
Vouume:.Of) loaf isi. .4s4 cubic centimeters | 2,205 1b, e1lie 15k 102.6 
Were t OPA LOat sinus. Gian ceeue eas erams 504 sol 508: 99.2 
Texture of CURD AGE ea cine tance De Cx Bbc ney 91.0: LOW ae 
COMBe (OF VO TUMD we ie Bul i iaehal ia do 89.3 : soe 39.1: 100.72 
Winer Peers Cer bcs iqraiy) keh (Unie Nl eaten a do ei mee ei. 100.0 


This increased yield obtained from Ceres also has been accompanied 
by an increase in quality, as indicated by the results of milling and 
baking experiments shown in Table 2. The average data from 22 compar- 
able samples, covering a period of 4 years, show Ceres to exceed or 
equal Marquis in test weight per bushel, crude protein content, flour 
yield, water absorption, volume of loaf, and’ texture and color of crumb. 
Similar improvement has been made by other new varieties. This illus- 
trates the opportunity for improvement of quality as well as yield- 
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PRODUCTION LIMITED BY DISEASE AND DROUGHT 


The wheat diseases, including stem rust, leaf rust, stinking 
smut, loose smut, scab, foot rot, and black chaff, together with 
drought, are the principal factors limiting production. Most of 
these factors also reduce the weight and quality of the grain- 


RUST PREVALENCE AND REACTION OF VARIETIES 


some stem rust infection has occurred in the Dakotas and Minne- 
sota during at least the past 12 consecutive years. In some years 
the rust has been very destructive. In Table 3 are presented the 
annual and average percentages of stem rust on Marquis wheat at 18 
stations in the three States during one or more of the 9 years from 
1919 to 1927, inclusive. These percentages represent the infection 
present, at harvest time, according to a certain scale. 


The data do not show very important differences between the 
States, the infection on Marquis in Minnesota averaging 56, in South 
. Dakota 55, and in North Dakota 49 per cent, for the 9 years. The sta- 
tions having the most rust are Crookston and Morris, Minn., Brookings 
and ‘iebster, S. Dak., and Fargo, Edgeley, and Langdon, N. Dak. The 
year 1927 shows the highest average infection for the three States, 
or 68 per cent. 


With these data as a basis, other varieties grown in the uniform 
rust nurseries are compared with each other, and ranked in comparison 
with Marquis taken as 100 per cent. These data are given in Table 4, 
The most resistant variety is Vernal emmer, which had but 0.1 per cent 
Oo: stem rust infection, on the average. Preston, & Mara, red Spring, 
had the highest average infection, 57.6 per cent. The three most re- 
sistant durum varieties, Pentad, Monad, and Acme, all showed an aver- 
age of less than 3 per cent of rust and Nodak had but 5.5 per cent. 
Kota averaged less than 12 per cent infection or 22.4 per cent of the 
infection on Marquis. Selection 1656.$1 from the cross of Kota by 
Marquis has much greater resistance than Kota, averaging but G2. per 
cent of infection in two years. Hope wheat has more resistance than 
Kota, Kota-Marguis hybrids, or even the most resistant durums. Like 
the emmers, Hope is practically immune in the field from any of the 
physiologic forms of stem rust which occur in the spring wheat area. 
In 29 nursery trials in two years Hope has averaged but O.3 per cent 
of rust, where Marguis, under similar conditions,rusted 55 per cent. 
This is only 0-6 per cent of the infection on Marquis. ~ 
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Table 3. Annual and average percentage of stem-rust infection of Mar-— 


quis wheat in 104 nursery years at 18 stations in North Dakota, 


South Dakota, and Montana; during one or more of the 9 years, Irom 
1919 to 1927, inclusive 


State and Station:1919:1920:1921:1922:; 1923:1924:1925 


:1926:1927: Aver- 


Gn, age 
North Dakota; 
Fargo POO OO OO! OS i) Se Oi) Cai ee ie alee 
Langdon OU Ot Oe a ce, ne PO. Co ae 
Edgeley Bo ee ee cee heer SO SS ee 
Mandan el Sama os a 5 Ae el Oe aR OF Or te 
Dickinson SO) CIS OO 
State average BG RE a SE MMA BE a eee ey 
South Dakota: 
Brookings 85 BO ABB 2720 90 CO ae aa OF 
Redfield BO BO LU ii Lie <a 
Webster 95 95 
-Highmore Oi. hegre ao Qo: og 
Newell 70 CNTR © IES ORR 2 oR at Gi 
State average OS PAB BCE Beers ae ee tee 
Minnesota: 
St. Paul Lo BO) aes T Oia eee 
Crookston OO ee es Oly” gig VO vee 
Morris BO BO 6 SG 90 95) 69 
Golden Valley LO 10 
Duluth Bo So BO: a a ae ees 
Waseca OB Sm GO. U7) ee aaa 
Coon Creek ao eo 6 Hg oe Gaara 
Red Wing Le ees NO Rae Inve ey amie, i a a 
State Average Lo BOO Be ee ENE EG sae na Ne deere 
Average thres States 53°° 43. No! GP Be ao tare ae ne ee aie 


i SOr 16 ES SS i ete Le Ge tie = Og Sey 990th ial Ne ey ee age 
h°S9 GS {2g G*9e Sy Be eee 4099 Aqrpeag 
ae Bab 
e° SOT HOT aes 9°LS eo RE Sis Oe Ae eB Orr as bok to = Tae uo4setg 
4-901 OOT 9*es C226 Ho eee On Oh. 219 et att SG 25-2608 IaMog 
6 ‘TOT HOT e'Ss e*hS Ge ew SG a Thee Ho OL Aine. Mies OT 8 ae ke waysenutg seusey 
0*OOT HOT e'ss SO “SCS Boar Or aaa * [Oo ote ein ae ae stubsey 
T ‘£3 GS ‘LS ahh O09 -=-fes gs 42 OLS¢, souet Tay 
eG) cOT 0*Eg OH OG 00 SG. (Se = igh: 1S shies Sc ee ee Aqny 
T‘9¢ SS ES e°6T of = 6 toe er LBBI oT Ttmbsen 
6°2e +t Tas 8°3T ole 6T 0069 Setag 
Roce HOT ergs 6° TL coms Sh st ee ee t 824 8¢ B40¥ 
Set pee eRe EG #50 OT ee GSTS IS'9G9T Sstnbsey x eyoy 
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HARLINESS NOT SUCCESSFUL IN PERMITTING RUST ESCAPEMENT 


The earliness of Marquis, which made it popular because it appar- 
ently escaped rust. during the first few years of, nts prod@uction, nee 
not proved to be an important rust control factor. Marquis shows prag- 
tically as much stem rust as later-maturing varieties, such as Haynes 
Bluestem, Power, and Preston. Other early varieties, such as Preludes 
Ruby, and Quality, commercially grown in the spring-wheat States have 
not successfully escaped rust, and earliness has been accompanied with 
a sacrifice in yield. The development and growing of early varieties, 
therefore, has not been a successful method of rust control. 


BREEDING FOR STEM-RUST CONTROL 


In the field, varieties or hybrids may be classified geneticalmy.: 
for reaction to stem rust as susceptible, resistant, and immune. Re- 
Sistance is inherited as a recessive character and immunity as a4 dome 


inant character. Most varieties of wheat are susceptible to’ black 
stem rust. For many years certain durum varieties have been recog— 
nized as resistant to the disease. Im recent years several resistany 


hard red spring varieties have been discovered or bred. )Unti)) tie 
production of Hope wheat, only certain varieties of emmer could be 
classed as practically immune. In each of these groups there is 
variability and over-lapping, due to seasonal conditions and plant de- 
velopment, as well as to the prevalence of the disease and the parvi— 
cular physiologic forms of stem rust present. 


Susceptibility or resistance of seedlings in the greenhouse is 
not. necessarily an indication of field reaction. Kanred and @rosees 
from it in such tests have shown immunity from certain physiologic 
forms, the immunity from.eight or more forms being inherited as a 
single genetic Tactor. , The immunity, of Kanred. from attack by) tess 
forms in the greenhouse has not been followed by similar resistance 
when Kanred is grown in the field in the spring-wheat area, This is 
true also of the Kanred-Marguis hybrid, Reliance. Likewise green- 
house tests showing susceptibility in the seedling stage of Kota x 
Marquis hybrids and crosses between durums have been followed by re- 
Sistance in the fruiting stage when these hybrids were grown inthe 
sto = Mae 


Breeding for Resistance in the Past 


The breeding work of the past has been for stem-rust resistance. 
In the United States part of this work has been cooperative between 
the Office of Cereal Crops and Diseases and the Minnesota and North 
Dakota stations. The breeding has been conducted at University Farm, 
St. Paul, Minn., and at the Fargo, Mandan, and Dickinson stations in 
North Dakota, and privately by Mr- McFadden on his: farm near Webster, 
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In the breeding nursery at University Farm, St. Paul, infection 
with stem rust is artificially produced through spraying the nursery 
with rust spores of numerous physiologic forms collected in the spring 
wheat area. In North Dakota, this has not been done, but there usually 
has been ample field infection. In addition to the rust nursery at 
St. Paul, there recently has been developed a disease garden at that 
place where all plant diseases, including rust, smut, scab, mildew, 
and black chaff, are introduced. All new.strains are to be tested in 
this garden for resistance to all these diseases. 


The most outstanding new productions are Dr. Waldron's recent 
selections from the Kota x Marquis cross, viz., 1656.85, 1656.84, and 
1656.81, which have proved to be very high-yielding strains at experi- 
ment stations and in cooperative farm nurseries established with the 
Smith-Hughes men throughout North Dakota, during the past year. The 
yields obtained from these strains, and from Hope, Marquillo, Ceres, 
and Marquis, are compared in Table 5. 


Selection 1656.85, the most outstanding one, and Hope, have not 
yet been tested in plot experiments. These preliminary nursery ex- 
periments indicate a possible improvement in yield of 57.8 and 30.5 
per cent for these varieties, respectively, as compared with Marquis. 
in early experiments Haynes Bluestem, the principal variety grown 20 
years ago, yielded about 40 per cent less than Marquis. These recent 
experiments show 1656.85 to yield 58 per cent more than Marquis. 

This approaches 100 per cent improvement in yield and illustrates the 
possibilities of improvement in the future. 


Large numbers of even more promising selections from crosses now 
are becoming available for testing at the breeding stations; in fact, 
more than can be adequately handled at the present stations, with the 
funds available. For durum wheats we have no breeding station repre- 
sentative of the durum area. 
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Table .5,) Yueld in bushels per acre ‘obtained \f rom Margure,)) Conecy 
the Kota x Marguis selections 1656.85, 1656.84, and 1656.81, Mar- 

,ugbillo, and Hope wheats in plat and nursery experiments in North 
Dakota: in jigey 
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Experiment and ew i Mar- 
Station in N, Dak. :quis’:Ceres: 1656, 85: 1656. 84: 1656. Sl:quillo,: Hope 


EXPERIMENT STATIONS 


Plat 
Fargo 20021) One 34.1 30.8 ie a 
Edgeley T6197) Bons 30.3 piciees 
Langdon BO, ts) SOT BOs 35.6 
Mandan Loe e6 LON7 Lee] 
Dickinson Lega Quem pi ye eee 
Williston 2902 B4s8 Buys 
Nursery 
Fargo BH ue 39.2 Ho. 6 ho, 4 Si? Sone 
Edgeley 2040) '80s'0 L6,] oo.) Moog 23.0 Song 
Langdon 2609 |. 26.6 S16 Be.o St ee 
Mandan BOOED sO SS.3 Lee ab Bs Bae 
Dickinson 16.0 “Bau appt Se 7.2 “eae 
FARM COOPERATORS 
Nursery 
Arthur Lyn eno WY Ba ay): 27.8 
LaMoure Bes as Bu. 7 ee) Se 1.10 
Ellendale SPM S| One, 4g.2 26.5 Nits: a7. eee 
Valley City 29.0 45.4 5d. U4 52.9 SHU MeL a 
Milnor Looe 7) Lene 20ns 18.9 Hag aN THO ae 
Buffalo Pou eh ie en ihe 19.6 2007 12.4 
Grafton UO VOH Neue BEL BiG 45.6 43.9 
Park River REI Bam Le. 5 hore Ls 56.7 
Neche GeO)" Siat She S0e5 Se 3 ORS 
Velva LOL? eat eo.e 25.9 
Granville EO 7) nO 8.0 cue 
Kenmare Nec Nr pater lingi Do) 5 ea 
Hazen Le he ole 23,6 Ne 
New Salem Poulos 19.3 19.3 
New England Leys) oe OS 
Beach EOIN) Sa saa 
AVERAGES | No. trial 
Bushels 28, SBeo Die 30.4 
16 eee ease 34.4 Si.2 
15 Oy 2) SO. one BH. uy Bal as 
19 Pei Poe S5u0 20.5 
g DS OB Ou aig BB: 26.8 130.4 
Percentages 27 100.0 124.8 13649 
LO LOOP OREO OT RD Yuet Gian 
18 LOGe Or UaoeO TS Se i es ies 
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Breeding for Immunity in the Future 


The Hope variety, bred by Mr. McFadden from a cross of Yaroslav 
emmer and Marquis wheat has the practical immunity of the enmmer par- 
ent. No rust form yet encountered readily attacks emmer in the.field, 
where it has been grown for nearly 50 years. Data so far obtained 
indicate that similar results may be confidently expected from Hope 
wheat and hybrid selections from it. The production of Hope wheat is 
the most encouraging development in recent years, and has given a 
great impetus to breeding as a method of controlling black stem rust 
and other diseases in the spring-wheat States. The practical immun- 
ity of Hope wheat should simplify the situation so far as physiologic 
forms are concerned in their effect gn the breeding program. 


Most of the breeding for rust control in the immediate future 
will center on Hope wheat “In order to try and fix its practical immu- 
nity in more valuable varieties. Already there is much material 
available from crosses with Hope or related strains. Partly through 
the use of greemhouse facilities and the growing of two generations 
a year, there will be available for sowing in 1928 some Fo, Fy, By er 
Fo material of crosses between Hope and Reliance, Ceres, Marquillo, 
Marquis, Supreme, and the selections 1656.81 and 1656.84. From these 
crosses strains practically immune from or highly resistant to both 
stem rust and leaf rust and to bunt and loose smut, soon may be ob- 
tained. The important problem confronting us is to provide facilities 
for testing large numbers of selections of new crosses for reaction to 
disease organisms and for yield and quality. 


AN ADEQUATE PROGRAM 


The new resistant or practically immune varieties should be more 
carefully and extensively tested than has been possible in the past. 
The present situation justifies the expanding of our cooperation be- 
tween State and Federal agencies to make the best use of every avail- 
able experiment station located in the spring-wheat area. 


In the case of Ceres, an outstanding new variety, there are but 
64 comparable plot trials of it and Marquis at experiment stations 
since 1923, whereas 130 comparisons could have been made if all avail- 
able stations had been used- In this instance the stations have been 
used to only 50 per cent of their potential efficiency. In the test- 
ing of other new varieties the stations have been used to not more than 
LQ per cent of their possible efficiency. 


BREEDING STATIONS 


Additional breeding stations also should be developed in the 
heart of the area producing both hard red spring and durum wheats. 
Results in the past have shown definitely that it is not satisfac- 
tory to try and breed wheats at a station outside of the area where 
the new productions are intended to.be commercially grown. Without 
establishing new stations for breeding purposes, the additional work 
could: be done with contidence at ‘Rediield, .. Dak... and any gemenon. 
N. Dak. , stations which are in the heart of the durum ereavand alee 
in the hard red spring ares. Redficid, in the southern. part, or. the 
durum area, is located in the James River Valley, which is a broad 
fertile wheat-growing valley. The Langdon, N. Dak,, substation, 
Located in the northern part. of the durum erea, ius. probably more 
typical of the present and future durum wheat area than any other 
station, as the durum acreage is moving northward. 


Durum wheat millers and macaroni manufacturers recognize the 
fact that durum wheat grown outside of the principal durum wheat 
territory does not have the desirable appearance of the grain and . 
color of the product shown by the wheat grown within this territory. 
Improvement must soon be made with durum wheats or the industry will 
suifer, The best varieties are’ not sutticiently resietany. 10 y= 
and the resistant varieties do not have high quality for the manufac- 
ture of semolina and its products. The improvement made in the yield 
of such resistant hard red spring wheats as Ceres, Marquillo, Hope, 
and other unnamed hybrid selections, may soon result in a reduction 
of the acreage of durum or the price of durum must increase and re- 
main above that of hard red spring. 


TESTING STATIONS 


There are at least 20 experiment stations in the 4 spring-wheat 
States here represented which should have varietal experiments in 
plots. They are fairly representative of the spring wheat area. With 
greater cooperation and financial support new varieties and strains 
could be tested both for yield and quality much more uniformly and ex— 
tensively than is now possible. 


Quality Determinations 


Yo insure the production of varisties of high .qualiivy, erude pro- 
tein-determinations on common wheats and gasoline color tests on durum 
wheats should furnish a basis for selection in the nurseries at breed- 
ing stations. Milling and baking tests and semolina and macaroni 
trials, made on samples from the plot experiments at all testing sta- 
tions, should furnish reliable information as to quality, particularly 
if the method of making these trials:is umiformm, Provision Tor this 
could be made by cooperation with the State stations and with the mMill- 
ing Investigations Laboratory of the U. 5. Buregu of Agricultural 
Economics. Equipment would have to be provided for experimental mac- 
Amand manufacture from the durum wheats. 
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COOPERATIVE FARM NURSERIES 


In addition to more breeding and testing stations, there should 
be inaugurated uniform cooperative farm nurseries in each of these 
four spring-wheat States. Such cooperative tests with county agents, 
Smith-Hughes teachers, and farmers, have become very popular both for 
demonstration and experimental purposes in some States in recent years. 
They furnish more extensive data than can be obtained in any other way, 
and the nurseries form a contact between the experiment station, ex- 
tension workers, and farmers which appears necessary in order to put 
over most successfully a crop improvement and standardization program. 


AN ADEQUATELY SUPPORTED BREEDING PROGRAM CAN SOLVE THE PROBLEM 


The development and growing of rust resistant varieties appears 
to be a promising method of rust control. Varieties or hybrid strains 
are now available which approach 100 per cent improvement in yield 
over the Haynes Bluestem commonly grown but 20 years ago. With Hope 
wheat available as a parent, the possibilities for further improvement 
are greater now than ever before. That additional work’will pay large 
dividends on an increased public investment is beyond doubt. All of 
the experiment stations in the spring wheat area should be made 100 
per cent efficient for this work. With adequate financial support im- 
proved varieties resistant to, or immune from, rust can be substituted 
for older varieties as rapidly and efficiently as is humanly possible. 
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Tué Role of Plant Dreeding in 


Crop Iuprovement 


Iv is the work of the plant breeder to produce 
varieties of crops which will bring a greater re- 
turn to the farmers of the state or states which 
he serves. itch information is available that 
indicates the need for improvement in crop plants. 
Small grains will receive particular attention in 
this discussion. Among the desirable characters of 
wheat to be gained may be mentioned greater yield, 
better quality, stiffer straw, winter hardiness (for 
winter varieties) and most important of all, resist- 
ance to various diseases. In the spring wheat belt 
stemand lear pust, smuts, root rotswandiscap are 
the most destructive diseases. with oats the general 
Opinion is that higher yielding ability, stiffer straw, 
smut resistance and rust résistance are very imnpdort- 
ant characters. In barley breeding, the following 
characters are of paramount importance: stiffer straw, 
sreater yield, smooth awns and resistance to various 
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Considerable attention has been focused on dreed- 
ing) forvdpecase Yeeiatance imiretoenvrvesrray | ins tne 
making of new varicties by hybridization Pearl has 
stated "Ihe plant brecder can and doés use Mendelism 
as a direct and working guide. He has made lMendelism 
a working, tool of -his:.craft"., It ie. evident, therefore 
that the present day plant breeder uses plant genetic 
principles as a very necessary part of his breeding 
program. The science of genetics is generally con- 
sidered to be the foundation upon which plant or 
animal breeding is dependent. Other sciences are essen. 
tial in a study of individual brecding problems. In 
many bre.ding problems it is essential to grow the éx- 
perimental crop under normal conditions for the purpose 
of isolating the better sorts. Test ec nditions for 
many characters can be obtained by growing the mater- 
ial under controlled conditions. As an illustration 
breeders now are germinating corn under low temperat- 
ures to isolate the lines which grow normally undér 
these conditions. In breeding for resistance to 
pathogenic diseases the organism which causes the.dis- 
ease must receive as much attention as the crop itself. 
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The suggestions and criticisms of Andrew Boss, F. R. 
immer, F. J. Stevenson, and H. ©. Brewbaker have been 
of material value. 
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Often an artificial epidemic of the disease must be 
created in order to give opportunity for rigid s¢elect- 
ion. Besides the genetic factors for resistance or 
susceptibility carried in the host plant there ma, be 
genetic factors in the pathogene which must be con- 
sidered. Because of the nature of the problem there 

is much to gain by a cooperative attack on disease res- 
istance with the geneticist and pathologist in the 
major roles. Such coopérative studies have been under 
way in ifinnesota for slightly more than ten years. 


A number of varieties highly resistant, or immune, 
to certain diseases have been produced in recent years. 
Several othurs will be réelcased for distribution soon. 
This production of varicties of small grains which are 
resistant or immune to the more destructive diseases 
cannot help but be an important step in the direction 
of taking some of the hazard out of farming. shen dis- 
6acc resistant varieties are available, the farmer will 
no longer be entirely at the mercy of some of the more 
destructive plant discases. “6 can sow his crop in the 
Soring with the assurance that disease at least will 
not take its dares Toll before the crop, can be harvested. 


Some of the new varieties of grains introduced by 

the -innesota Sxperiment Station furnish a ,ood 
illustration of thé value of cearal crops brecding. 
3reeding winter wheat in Minnesota is conducted coop- 
ératively by the Federal Department of Agriculture and 
the Minnesota Station. tinturki winter wheat was first 
released fori distribution in’ 1917. fhis' variety com- 
Dines the winter hardiness of its: Odessn parent with 
the desirable agronomic characttrs ofits Turkey 
parent... In adaition it is rather resistant to black 
stem rust. At the present time about 75% of the winter 
wheat grown in kiinnesota is of the Minturki variet;. 
[t not only nas replaced lareely tne..ouncr varieties ‘of 
winter wheat but it is giving substantial returns where 
spring wheat could not be grown at & profit. Southérn 
Minnesota now grows about 220,000 acres annually where- 
as only 89,000 acres weretemown in 19ee. 


Velvet barley, a smooth awned variety, was first 
distributed to the farmers in the spring of 1926. It 
was obtained from crossing a smooth awned sclectidh with 
 & désirablé rough awned Gerowed variety. The smoohh 
awned parent of Velvet was susceptible to "Spot:-blotch" 
caused by Helminthosporium sativum. Velvet is as reés- 
istant as verieties commonly grown in this region. ‘The 
annual sécd list of the ifinnesota Crop Improvement 
Association lists for sale this spring 80,000 bushels 
of Velvet barley, 67,000 bushels of which is registered 
Secéd.. This varicty has found favor not only in practi- 
eally every.part of itinnésota but in neighboring states 
as well. 
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This spring largé quentities of sced are being sent 
to Nelshdoring, st 


é 
ates, some of the orders being for car- 
load lots. 


in some..cases hybridization is not necassary ac 
dc¢siradle strains may be selected from commercial var- 
igtics. Gopher oats is the most popular carly oct grown 
in southern ilinnesota. +t is the result of a plant 
selcotion trom a vcomlercinl carly variety tor the “purp- 
one of -Leclaping a Shar strayed. high vieldivs sirain. 
It has viclded considerayle morc. than the varieties grown 
Dy starMers.dn Ue Aa0gnstwratlon trinls made .oyi Raton Crim, 


sxtension Agronomist. 


The i:innesota Crop Improvtment association also 
sts for sale 12,000 bushels of Winona and Chippewe flax 
Mien 7200 dSushels are certified or registered. 

new flax varieties have made possible the growing 
tlaxton old sot witiich containe the Wile aiecice 
organism. The Minnesota varieties are a-réesult of co- 
operative brecding studies by pathologists and plant 
bresders. Squally important wilt resistant varieties 
have been produced in Yorth Dekota, 
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Studics with oats in-Hinnesota prove the value of 
breeding for disease resistance. From crosses of linota 
and) Victory, which are desirable sielding warietics., 
with White Russian, which is resistant» to stem rust, 
over 300 lines, which are stem rust resistant, were 
selécted and grown in rod row trials. “Séveral of these 
have been tested also in 1/40 acre yield trials. One 
variety has Deen named Anthony ‘and has bevn placed on the 
recoimmendéd List in linnesota. anthony wielded 16.8 per 
cént mors: than Victory ‘for the crop years 2925 to 1967 
inclusive’in 1/40 acre trials made: in six localities 
and “yrelded 62 5H per cant mone. than vac tony sin NIA . 


Anthony and two other stem rust resistant selections 
were crossed with Black Mesdag which is immune from both 
covered and loose smut. Several double crosses were 
grown 4 roi nov. wriais in Lose Thirty-four. lines were 
grown at Morris, Crookston, weseca, and’ U. farm in rod 
row trials, and several yielded ‘as much as 17 per cent 
more than Victory. They were immunc from smut and high- 
ly resistant to Stem rust.: Over i600 lines were, tricd in 
rod. rot; trials at U. Farm. Several discase reséstant 
Selections yielded 100 per cent more than Victory. 

. ‘ew varietics of spring wheat which are resistant 
to both stém and leaf rust have been developed and small 
cmounts of séed of some stem rust resistant sorts are 
availavle and are being increased by the liinnesota Ex- 
periment Stations, forsdistribution in 1950. wrhese 
studies are conducted cooperatively by the iiinnesota 
stations and the Office of Cereal Crops and Diseases, 
U. S. Department of Agriculture. Marquillo, which 
resulted from a cross of durum and common wheat, is the 
most promising néw variety which hrs ern tested widely 
in ifinnesote. “aha | 
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It is not only resistant to stem rust, but is somewhat 
eésistant to leaf rust and highly resistant to dunt 
and loose smut. it is rather susceptible to root rots 
altnough no rorse, apparently, than some other common 
bread wheats. ‘The color of loaf under some conditions 
Lex rather weltome «mw ithe. Red River Valley vor tibnn- 
esota, it nas given good yields and, when rust is 
severe, it has proven more satisfactory than Cures, a 
forth Dakota production. Only 130 bushels of seed of 
Warquilio are avaidable for increase in. 19429. , Cer cs 
has been placed on the recommended list in ifwinnesota 
as it is the best rust resistant varicty available to 
farmers. The development of Marauillo proves that 
desirable wheats can »6¢ produced. from species crosses. 
The moré recent productions of McFadden, from crosses 
of cmmer and common wheats, are further proof that it 
is possible to obtain desirable recombinations of char- 
acters from species crosses. The new variety, Hope, and 
other selections from McFaddéen's crosses have opened 
Mey “pOsSLO PEI AIGS TO: tne. Drecder. 


A hybrid from a species cross may be used as a 
parent in producing even better varisties. Double 
crosses of Marquillo with selections of Kanred x NMar- 
OULS: have been studied and’ one. years rod row trials 
are available for several of these sélections. Seév- 
6éral yielded over $5 per cent more than Margquillo as 
an average of 4 trials made in 1927 in iinnesota, and 
they are more resistant to stem rust than Marquillo. 


The mode of attack in plant breeding is no longer 
in the experimental stage. From'a knowledge of the 
laws of inheritance and from previous study of the dif- 
férent varieties of grains, -the trained, plant. breeder 
can nq, outline a given bréeding project and method- 
ically carry it through, step by step, with every 
assurance of success. The production of a desirable 
bomen) or the failure to obtain the desired end result 
is no Longer entirely a matter of chance. The chances 
of success, however, are directly in proportion to the 
number of individuals used. 


The first step in the solution of a breeding prob- 
lem is to determine what end results are to be sought. 
wext it is necessary to obtain the best matérial pos- 
Sible with which to begin the breeding program. If 
diséase rssistance is one of the characters deWired, the 
active cooperation of the plant pathologist is essential. 
The resistance of a variety to a certain disease in one 
région ig no assurance of its resistance to possible 
‘different forms of this diséase in widely separated 
areas or the Samé area. 
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If a variety seems to contain within it the char- 
acters desired in the new variety and is sufficiently 
variable, an improved strain may be obtained by sel- 
ection within this variety. The production of a new 
variety by plant selection within an established var- 
iety takes about 8 or 9 years. That length of time 
vould elapse before the new variety could be released 
to the farmer, 


Wany times, however, the desired characters are 
not all to be found in a single variety. In that case 
the plant breeder resorts to hybridization to “ain his 
ends. Crosses are made between two variables both of 
which contain characters desired in the new sort. In 
the generations following the crossing of these two 
parental varieties, selection is made of those types 
which combine the desired characters of both parents. 
Many lines breed true by the fourth or fifth generation 
after the cross. If all the desired characters are 
not found in any two varieties, however, it may be 
necessary to continue crossing with still other variet- 
i¢s until the desired end results have been reached by 
a synthetic building up of the characters of the des- 
ivad vwaricty. Arter producing pure breeding sorts, they 
must be tested in comparative trials for several years. 


The production of a new variety by hybridization 
would take about 12 or 13 years under the brecding and 
testing systcm now being used at the Minnesota Exper- 
iment Station. If necessary, this time could be short- 
encd somcwhat but, in general, this would not appéai 
GGsiraple. 


I uave endeavored to indicate to you that plant 
bre ding is an application of plant génotic principlcs. 
Knowlcdgé of crop characturs and the manner of react- 
ion of particular strains under different environment- 
al conditions, and when possible the reason for the 
Same, is as essential as a knowledge of genetics. In 
breeding for disease resistance, cooperation be tween 
plant geneticists and plant pathologists is certainly 
dcsiravle. If resistance to disease is needed, for ex- 
ample résistance: to black. stem rust, it. is necessary, 
as a rule, that @ cross bé made betvecen a resistant 
wheat which lacks some desirable agronomic characters 
and a wheat susceptible to black stem rust which i@as 
satisfactory as possible in its agronomic characters. 
Busid¢es resistance and susceptibility, it is necessary 
to brecd for other characters such as auality of secd 
ant, Dakine GuElttissvOLvloOnD iv vielding: Abilaty, 6 ber) 
which makes plain that even when disease resistance is 
the major factor to be gained that the problem remains 
primarily 2 plant genetic ons. 
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Many diseasc organisms consist of strains which 
can v6 differenciated only »y their mode of reaction 
on certain varieties. Two general methods ror deter- 
mining the reaction to disease are used in breeding 
for disease resistance to pathogenic organisms. 


1. A collection’ of all strains of the disease 

% organisms may be made and cultures of the same 
propagated. Tnesée cultures ere used to pro- 
duce the artificial disease epidemic in the 
field. Selection is possible, under these con- 
ditions, for resistance to the various strains 
of the disease. 


2. snhorterows ‘or selections of newverop varietics 
or strains are grown in many different local- 
ities and disease reaction studied under 
normal. field conditions. 3y a combination of 
these two methods, considerable assurance can 
be gained of the expected disease reaction of 
the new variety. 


In breeding for résistance to a certain diséase, 
it is necéssary to consider reaction to all other inm- 
portant diseases. A disease nursery or nurssrice is 
as GSsential as a nursery or nurseries for the study 
Of agronomic characters. 

L 

the question which needs definite consideration 
this morning is how can we improve our pesent wheat 
bresding program? Some believe that the extensive 
trials of matcrial nor available is the.most important 
phase. itt is true that all possible trials ‘which 
could have beén made with present facilitics have not 
becn made but, for the more promising wheat selections, 
the evailabie tests are ‘sufricient to prove: that c¢er- 
tain characters need further improvement. The breeder 
Can predict, with a considerable desree of ‘accuracy, 
wnat sths possi bilitics. of emmy vertviculer cross arc: If 
chance plays the major part in his selections, and it 
surcly does. it all-important characters ars. not studied 
during the segregating generations, then luck is the 
major factor in deciding the success attainable from a 
eertain cross. Luck would: be @ minor. factor if ress 
search facilities were available for studying in the 
sceregating generations all important agronomic char- 
acters suchas grain plumpneéss, texture, protéin con- 
tent, perionot maturity, botanical character differense 
ces and stiffness of straw and if, in addition, fa- 
cilities, were available Loriaistudy of reaction to alt 
important parasitic diseases. As a result of studies 
in icinnesota, it appears that grain plumpness is a 
very important character and directly related to yield. 
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This appears to be true even after holding constant the 
effect of reaction to such diseases as black stem rust. 
Intensive selection for plumpneéss is desirable during 
the ségragating Cte eens and a study of genetic 
factors which determine relative plumpnsss appears fun- 
damental. Other agronomic characters nécd intensive 
Study also. 


The brecder needs also the aid of the cytologitt 
when species crossés must-be undertaken. Histological 
studics in relation to strength of straw ans other 
chax PAC UCTS would be of material aid. imch more study 
of the’ fTactors*which are v-rdlated to milving and baking 
quality are desirabdic. 


A study of hundreds of selections and their 
progeny for all important characters takes more men, 
time and money than are now available. The success 
or Toailure tot a brecding’ program: wouldiinoe dongtr de a. 
matter of luck if the breeder could make extensive 
studies of his material. The speaker believes that, in 
the past, the chief lack has been that it was imposs- 
idle to apply plant genetic principles directly to all 
the essential phases of a brecding program for a sciéent- 
ific application calls for more détailed study than was 
possible with the men and money that have been avail- 
able. At Least four’ to six added aseis tance and scv- 
6eral thousand dollars for labor are needed in i-inn- 
esota to éffectively place our breeding program on a 
sound basis. There is no doubt but that additional 
funds could also be profitably employed in other local- 
ities where breeding is under way or is to be undertaken. 
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IN WHEAT BREEDING, AND THEIR WAY OF WORKING TOGETHER. 


E. C. Stakman 


Progress in the development of disease-resistant varieties 
of wheat depends largely on the interaction--the degree of cooper- 
ation--between the geneticist and the pathologist. The diseases 
themselves are the result of the interaction between the host 
plant and the pathogene. In considcorins our destructive wheat 
diseases we must remember that we are dealing with two living things: 
the wheat plant and the fungus or bacterium that parasitizes it. 
The job of the geneticist is to know and improve wheats; the job 
of the pathologist is to know the parasites and prevent their de- 
velopment. 


The ideal method of controlling wheat diseases is the use of 
disease-resistant varieties. It is the best method--when it can 
be used successfully. It is true that some diseases, the smuts 
for instance, can be prevented by seed treatment. But seed treat 
ment requires labor and money and, even though it is inexpensive, 
many farmers do not treat their seed. Therefore it is highly des- 
iravle to develop smut-resistant varieties even though simple 
methods of control are now available. And the most destructive 
diseases--the rusts, wheat scab, and the root--and foot-rots--can 
not be controlled adequately by any method availaocle to the indi- 
vidual farmer. These diseases cause enormous losses. From 1915 
to 1920 inclusive black stem rust destroyed on the average almost 
45,000,000 bushels of wheat annually in the Dakotas and Minnesota. 
From 1921 to 1926 inclusive the average annual loss was more than 
11,000,000 bushels. Wheat scab often reduces wheat yields as much 
as ten per cent, especially in those areas where corn is grown 
extensively. It is difficult to estimate accurately the damage 
caused by root-rots, but I have often seen fields in which from ten 
per cent to forty per cent of the heads were killed. The orange 
leaf rust has not done a great deal of damage in the past, because 
many of our hard red spring wheats and the durums are somewhat res- 
istant. But some of the newer varieties, such as Kota, Ceres, Ruby 
and Quality are very susceptiple and were injured considerably in 
1927. The eradication of the common barberry is reducing losses 
from stem rust. But most plant pathologists probably admit that it 
will not eliminate them entirely. And the other diseases mentioned 
can not be prevented ettirely by any method now available. There- 
fore, it is absolutely essential that we produce disease-resistant 
varieties if we are to continue to grow wheat successfully. It is 
desirable to combine in one variety resistance to all of these dis- 
eases. That, however, is not easy to accomplish. But it is the 
thing which we must attempt. 
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One of the most difficult problems confronting us is the fact 
that therc are so mny parasitic strains or physiologic forms of 
the fungi causing these diseases. Thero are about fifty parasitic 
strains of the varicty of black stem rust which attack. wheat. 

Some varictics arc resistant to some of these strains and complcte- 
ly susceptible to others. No known variety is resistant to all of 
them. There ere at least a dozen parasitic strains of the orange 
leaf rust of wheat; there are probably at least one hundred para- 
sitic strains of the fungus which causes most of the root-and stem- 
rot of wheat; and recently it has been discovered that there are 
parasitic strains of the wheat scab fungus. It is necessary, there- 
fore, to produce varieties which are resistant to all or most of 
the parasitic strains which occur in the region for which the varie 
etics arc intended. In order that brecding work may rest ona 
firm foundation, it is necessary to know how many of these parasi- 
tic strains there are; it is necessary to know their geographic 
distribution; it is necessary to know whether they migrateo from 
one region to another; and it is necessary to know their effect on 
varictiecs already in existence and those which are being produced. 
The time to ascertain their effect on new varieties is before the 
arictics are distributed, not afterwards. 


Not only are there many parasitic strains of these disease- 
producing fungi now, but new ones also may be introduced from other 
regions, and new ones probably are being produced constantly by 
hybridization or mutation or both. How rapidly are new forms 
being produced? How virulent are the new forms and what is thoir 
Significance in the breeding of resistant varieties? These things 
the pathologist must find out and the plant breeder must know. 


Not only arc there many parasitic strains of our most destruct- 
ive discase-producing fungi, but new ones may be introduced from 
other regions. We try to prevent this by plant quarantinces, but, 
at best, querantines are not completely effective, and we can not 
prevent the wind from carrying spores hundreds of miles. It is 
probable therefore that we shall make the most rapid progress in 
the end by subjecting our varieties, while in the making, to all 
of the parasitic strains present in a natkural geographic region. 
But we should prevent the introduction of new strains from regions 
sepeareted from ours by natural barriers. ven. if we do not com— 
plicate our problem by introducing new parasitic strains, nature 
probably will continually complicate it for us by producing nev 
strains by hybridization and mutation. We know from the work of 
Craigic that there is a strong liklihood that parasitic strains of 
stem rust hybridize on the barberry, and we know that streins of 
smut fungi hybridize. furthcrmore, we know from the work of Miss 
Newton and Johnson that color mutations occur in wheat stem rust; 
and Levine and I have strong ciruumstantial evidenec that mutations 
in parasitism occur also. @hristensen has shown that some strains 
of Holminthosporium sativum, the princip2i cause of root-rot, 
mutate and that some of. the mutints are more virulent than their 
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parents. Some of the smut fungi, particularly the corn smut fun- 
gus, mutate so fast that one can scarcely keep track of the new 
strains. These facts simply show that while we are producing new 
varieties of wheat nature is producing new parasitic strains of the 
fungi that attack it. But is*there any evidence that these facts 
are important in-our problem? There is. 


For a number of years some of the mtlos, feterita, and hegari 
were very resistant to or immune from kernel smut of sorghum. But 
a few years ago some of them appeared to lose their resistance. The 
resistance was not lost at all. New and more virulent parasitic 
strains of the smut fungus made their appearance. It has been shown 
by Tisdale, Melchers, and Clemer that there are at least three para- 
sitic strains, and none of the previously resistant varieties is 
resistant to all of them. There is evidence that one of the strains 
may have arisen by hybridization. The experience with Kanred wheat 
is well known. A number of years ago Kanred was distributed as a 
stem-rust immune, hard red winter wheat. It is immune from about a 
dozen parasitic strains of the wheat stem rust fungus but is com- 
pletely susceptible to others. Therefore, it rusts heavily in some 
years and in some regions, for example, it was so heavily rusted 
in western Nebraska in 1923 that farmers became discouraged and 
have refused to grow it there since that time. A few years ago an 
intensive program of developing bunt-resistant wheats was begun in 
the Palouse district of the Pacific Northwest. Several varietics 
which appcared immune were developed. In the meantime, however, it 
was discovered that there are parasitic strains of both of the fungi 
Which. cause bunt. New strains of the smut fungi appéared in the 
Palouse district and, within the past year or two, some of the pre- 
viously resistant wheats have begun to smut neavily. Now it is 
necessary to start over again, and take into consideration the para- 
sitic strains which are present in that district. 


There have been other similar experiences in the past and there 
will be similar ones in the future. In our brecding work, therefore, 
we must take an intcnsivée study not only of the host plant but also 
of the pathogenes which cause the disease of the host. Therefore, 

I cannot agree with all of the statements made by the speaker pre- 
vious to the last regarding Hope wheat. It is true that Hope appear: 
to be generally resistant to black stem rust and several other des- 
tructive diseases. But when we consider the experience with smt- 
resistant sorgums, with Kanred wheat, with bunt-resistant wheats in 
the Northwest, we begin to realize the value of caution. Possibly 
Hope wheat may be resistant to the parasitic strains of rusts and 
smuts now in existence and those to come. It is devoutly to be 
hoped that it will, but I should not want to promim it. 


Perhaps this recital of difficulties seems pessimistic. To me 
it seems like realism rather than pessimism. We are making war on 
wheat diseases, and it is a sound principle of warfare to learn as 
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much as possible about tho strength and resourccfulmess of the 
cnery. In this ense the enemy ere the pathogones which cause dis- 
case. The part of wisdom is not to blind ourselves to the strength 
and versatility of the pethogenes, but to learn as much as we can 
cbout them and try to keep several moves ahead. +his can best be 
done by the combined efforts of pathologists, geneticists and plant 
brecders. 


Possibly all of these parasitic strains are not as formidable as 
they appear to be. Aamodt has shown that the same genetic factor 
may govern the immunity of Kanred wheat to several strains of the 
wheat stem rust. There is some hope in that. Hursh showed that 
some varicties cof wheat may be resistant to most parasitic strains 
because of structural characters. And Miss Hart recéntly has ob- 
tained evidence that certain wheats may prevent the entrance of rust 
by keeping their breathing pores closcd most of the time. Pussibly 
we can breed wheats which, because of these structural and function- 
al pecularities, can withstand the attacks of most parasitic strains. 
That remains to be seen. 


The gencticist and pathologist are interdependent. The most 
rapid and permanent progress depends on their combined efforts. The 
pathologist must contribute facts regarding the parasitic peculiar- 
ities of the pathogene, the factors affecting the develooment of 
diseases, and the nature of resistance. The geneticist must study 
the mode of inhcritance of disease resistance in combination with 
other desirable characters in the host plant. The knowledge and 
technique of geneticist and pathologist must then be combined by the 
plant breeder, whatever his official designation. 


How can the geneticist and pathologist work together? Simply 
by actually working together. We must submerge our special view- 
points and interests in the common desire to contribute to the pro- 
duction of better disease-resistant varieties. 


It is seldom that one man has the necessary training, to say 
nothing of the time, to study intensively both the host plant and 
pathogene, but a study of both is necessary. Therefore, we must 
work together. The next speaker comes about as near to combining 
the knowledge regarding the pathogene and host plant as any one I 
know. As a matter of fact, he is a living demonstration thet a 
geneticist and pathologist can work together in one individual--a 
hybrid, as it were, who combines some of the qualities of both. 


Much progress has been made in the development of discase-res-— 
istant varicties in the past and much more will be made in the fut- 
ure. I believe as sincerely as any one here that some of our most 
destructive diseases of wheat can be controlled adequately only by 
the use of resistant varieties. And my faith in the devclopment of 
such varieties is not destroyed by the difficulties I havo pointed 
out. Surely there can be no virtue in minimizing or ignoring the 
magnitude of our task, and on this point I want to be very emphatic: 
if we are to make progress most rapidly and surcly, it is ebsolutely 
essentiel that we make more fundamental investigations. Geneticists 
and pathologists must combine to study thoroughly the host plant and 
the pathogene. Then ond only then will we make progress as rapidly 
as we should. 
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Eh DTARDSPERDENCE OF Tie Ganericion AND PATHOLOGIST 


WHRAT BREEDING AND THEIR WAY OF ORkkTNG TOGETHER 


Olaf S. Aanmodt 


The foundation for what a wish to say regarding the product- 
ion of a disease-resistant wheat has been well laid by the pre- 
vious speaker, Dr. Stakman. The importance of physiologic forms 
of the various disease-producing organisms can scarccly be over- 
Sete They have accounted, to a large extent, for the ereat 

nt of variation in reaction to disease which certain supposedly 
abies Hey! varieties have exhibited at various times in the past. 

A complete understanding of this variation was not forthcoming 
until the discovery of the existence of numerous physiologic forms 
by Dr. Stakman and his co-workers in 1917 and the years following. 


From the plant pathologist's point of view there is a certain 
amount of fundamental information regarding the life eycle of an 
organism which is necessary to an intelligent understanding of 
the problem. The plant breeder who wishes to test, numerous var- 
ieties and hybrids for their discase reactions must have certain 
of these fundamentals well in mind. He must understand and be 
able to manipulate those factors: in the life cycle of an organism 
which condition infection. He should have informetion regarding 
the number, prevalence and distribution of the physiologic forms 
of the pathogene with which he is dealing. As a basis for the 
breeding operations he should know the varietal reaction of the 
host to particular forms and then deal with such reactions between 
the host and parasite 2s definite genctic characters. ‘The desir- 
sbility of ‘gdeennns the, resistant: reactions of the sost to the 
Various patnogenes with good agronomic characters brings us into 
the ficld of the geneticist. 


The inhcritance of disease resistance may be complicated, not 
only because of the presence of ineny and waried forms of the 
patnogene, but also because disease resistance is the result. of the 
intorattion of two elements, i.e., the host plant and the. parasite. 
Information regarding the mode of inheritance of reaction to the 
various organisms aids materially in deciding Sow extensively any 
particuler cross must be studied. The genetic relationship between 
such characters as cuality of seed, earliness of maturity, strength 
of straw, and seed shattering, on the one hand, ond disease yeaa 
on the other, is of fundamental importance to. the plant breeder. 


How are we soing to get the various facts and fundamental 
principles which have béen, worked: out. by the geneticist and plant 
pathologist focused upon a joint program of crop improvement? 

m the past, numerous varieties have been produced, and often 
distributed to the grower lon: before any exect information re- 
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garding their diseese-resistant capabilities was~ made Known. 
Likewise in the brecding plots many selections are increased with 
the hope that when they are ready for distribution they will be 
found to have inherent resistance to the more important diseases 
which are present in the region where they are to be grown. Such 
a system is not only unscientific but also poor economy. The 
prinery factor wWnaich inhibited the carrying on of a more compre- 
hensive and thorough improvement progrer: in the past has been the 
lack of funds. 


The point at which we can most effectively and economically 
apply the principles of both the geneticist and plant pathologist 
to a comprehensive wheat improvement program is in the earlier 
secregating mencrations. It is here that we can study and accun- 
ulate knowledse regarding the mode of inheritance of the more 
important cheracters and at the same time eliminete the bulk of 
the mtcriel which is of mo promise. This particular mode; of 
attack hss beon developed in the form of a disease garden. It 
may be favorably compared to the proving crounds of a modern 
automobile manufacturer who puts his new car, or new appliance, 
through a severe test on 2 scicntific experimental basis before 
it is released to the consumer. The car does not need to be 
bought on the basis of the superficial appearance, or perform- 
ance under some especially favorable local conditions, but rather 
on its merits as shown by the producer on the experimental grounds. 


On the plant breeder, whether he happens-to be professionally 
a geneticist, plant pathologist, physiologist, or agronomist, falls 
mic responsibility of applying the fundamental principles put 
forth by these various groups to the varietal or hybrid material 
in the breedinz plots. For a number of years artificiel epiden- 
ics of stem rust have been uscd in the field to insure, as far as 
Nossible, the opportunity for all varieties to come ‘in contact 
With sll of the’ physiologic forms. An artificial epidemic of 
stem rust is produced in the brzeding plots by spraying the plants 
with a svore suspension of urediniospcres and by transplanting 
cultures of rusted wheat to the ficld. This is su plemented with 
material collected in areas in which natural epidenics o¢eur. 
The rust spores from such collections are used either to dust or 
spray the plants in the rust nursery. A second method consists 
of crowing the promising new vroductions eat various stations in 
tne regions in which they are expected to be grown later. In 
the first metnod the parasite is brought to the host plants in 
the breeding vlots, whkle in-the second method the sclections are 
taken out and exposed to the natural epidemics of rust in the 
ficld. 


There ere certain other diseases present in the spring wheat 
resion which, may possibly become inportant limiting factors in 
production. In the breeding work we are producing new combinations 
of charncters. Some of these characters may be susceptibke to 
diseases which are already prevnleat, but not destructive be- 
cause the present varieties sre resistant. The. disease garden 


ossibilitics of such occurrences for 


is the nlace to cextch the po 
new diseases 2: well as those wnich arc already well known. Tic 
os 2 duplicate of the rust nursery, as 


disease garden is 2srowm 
some diseases inhidit or accclerete the developiiont of others. 

A rust-resistant variety of whcat, Besistart also to such des- 
tructive disc asss as bunt, loose smut, oresnge loaf rust, foot 
rots, scab, etc.) ts much more likely to producea edaeeaa tit 
erop than one which is susceptible. Consequently, in the disease 
sarden artificial epidemics are produccd of all of those dis- 
eases. Special a.tention is paid to the use of @s many physi-~ 
ologic forms, of each disease, as possible. A variety of wheat, 
or a new hybrid selection, which can survive the periis of such 
a test has a much sreater nossibility of being a disease-resist— 
ant variety than one which his been produced u@der conditions 
where these factors are ignored. 


The multiplicity of problems which must be solved in pro- 
ducing a now variety of wheat necessitates the cooperation in 
many related ficlds of study. We must always be looking forward 
to changin conditions. New erie different environmental 
conditions duc to drainage, rotation etc., new market comands, 
new methods of harvesting such as cae combine, are all indicat- 
ions of the demands for crop improvement not only for this day 
but also for the future. Crop improvezicnt is a permanent pro- 
gram, and provision for carrying on the work should.be made 
accordingly. 


-42— 


PLANT BREEDING FOR RUST RUSTSTANOS AT TH DOMINION AUST 


te 


RESZARCH LABSORATORY, WINNIPEG, MANITOBA. 


C. H. GOULDEN, SZUIOR CanaALIsT 


As the plant breeding work at this laboratory progresses 
and as new facts regarding the inheritance of rust resistance are 
brought to light we feel more and more optimistic with respect to 
an ultimate solution of the problem. This last season in par- 
ticular, was a very fruitful one. It furnished an abundance of 
new and valuable material and the fundamental studies yielded 
results far reaching importance. In this report we propose to 
discuss the work under two heads. 

(1) The general plan of attack and progress in the production of 
rust resistant strains of conmon wheats. (2) Fundamental 
studies on resistance in varieties and its inheritance. 


Plan of Attack and Progress 


The hybrid nursery in 1927 consisted of five and a half 
acres of head-row plots. The material contained in this nursery 
is shown in Table 1. The table also shows the generations that 
will be grown in 1928. 


Table 1. Summary of hybrid material and generations to be 
Pee ty - grown in 1928. 


Crosses Generations Grown 1928 

1. H-44-24 x Marquis Rod nows Fy Fa Fo -- 
2. WNarquillo x Garnet nod nows By Fe -- -- 
oe Double Cross x Ceres Rod xows Fy B. -- -- 
4. Marquillo x Reward Hod)» Hows °F, Fa Fe -- 
Se Pentad x Marquis wm eee By Be -- -- 
6. Doible Cross x Marcuis = = -== -=-- -= Fa -- -- 
7. Double Cross x Kota = = — ee --=- Po ee! or co 
8. Double Cross x Garnet = -e= w--= --- 1 fel Levent Meee 
9. Reward x CereS meet ee ne Aree, | een.) | mee 
10. (Pentad-Marquis) x Marquis  --- ---- em a et 
11. H-44-24 x Revard ee ee me NS Po am 
12. H-44-24 x Meroquillo = — wee ---- so a AS als 
13. (Marcquis-Kanred) Bo_s x Marquis--- ---- SE ie 
14. (Pentad-Marquis) x Garnet  <--- ----~ -- -- Fo -- 
16. (Marquis-Kanred) Bo_5 , H-44-24--- ---- -- -- -- Fy 
17. Double Cross x H-44-24 = == ---= w= we -- FY 
18. (Marquis x Acme) x Marquis  <--- ---- m-- = = FY 
19. Webster x Marquis me mmm sch hee bon ME 
20. Webster x H-44-24 meme em —— ee ne FL 
Pls DOLD Ee COLORS ect ss Use my ll Wt yun mates! Yes tems fect Nera ie Ni 
Be we HONE CL Heyer’ fe OL i) 0 cement poe bess Pimeierida Neciee hai 
25. Hope x Marquis ee me —- -- -- Fy 


24. Black Persian x Marquis = 9 --= ---- we ee FY 
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It is not possible here to indicate clearly the extent to 
which each cross is being studied nor which are considered to be 
of the most importaneg. For each cross there is a fairly definite 
objective but it will suffice to point out that the crosses fall 
into three groups. 


Group 1. Rust resistant parents are crossed with good yield- 
ing high quality wheats. As exemples we have H-44-24 x Marquis, 
Marquillo x Reward, and so forth. From such crosses we expect in 
the first attempt to obtain strains of good yield and quality with 
a satisfactory amount of resistance for the time being. 


Group 2. In this group the parents on both sides possess 
some resistance the odject bcing to combine the resistance of 
both and to use the strains derived in this way in other crosses 

Similar to those under group l. 


Group 3. These are interspecics crosses. They represent a 
very fundamentel first step in breeding work. Resistance is on 
tne whole found in the 28 chromosome group and when through inter- 

species crosses this resistance has becn transferred to the 42 
chromosome group the newly derived strains can be utilized in 
further crosses in wheats of good quality or they c n be used as 

in group 2 for building up more complete resistance. 


Turning now to the practical results that have been obtained 

Table 1 shovs again that strains from certain crosses are being 
tested in rod rows in 1928. From the one cross H-44-24 x Marquis 
about 100 strains are being tested and these look very promising. 
in the field they cre practically immune from rust, and are very 
good appearing strains that promise to yicld well. filling tests 
on the most desirable of these will be conducted by the Cereal 
Division laboratories at Ottave. 


Inheritancé of rust resistance in one cross which was 
studied intcnsively and gave results of striking importance will 
first be consicered. 


The resistant parent in the cross is known as H-44-24 and 

was produced by Mr. E. S. McFadden of Webster, South Dakota. It 
esme from a cross of Marguis x Yaroslav ommer. During the past 
three years it has never shown morc than a trace of rust in field 
tcsts conducted by the pathology staff of this laboratory. 
Similar results arc being reported from the four Amcrican states 
in which rust is prevalent. Agronomically this variety is prob- 
adly not of much value as it is very short in the straw, is heav- 
ily bearded and the glumes are so persistent that threshing is 
very difficult. As to the quality of the grain very little is yet 
knowm but one test made by the Cereal Division laboratory at 
Ottava gave quite satisfactory results. 


The susceptiols parent in the cross was Marquis. 
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The hybrid progenies: from the cross were tested to two physi- 
ologic forms, 21 and 36. Marquis is quite susceptible to both 
forms. H-44-24 is highly resistant to form 36 and modcrately re- 
sistant to form 21. 


The first generation plants were grown in the greenhouse 

during the winter of 1925-6 and seedling plants were tested to the 
two forms. An interesting feature of the resistance of Fy plants 
was observed when these werc tested to form 21 at different stages 

of maturity. Although quite susceptible in the seedling stage 
they wore quite highly resistant when about six weeks old and 

at heading thoy were practically immune. This result indicates 
he possibility of the presence of factors for 2 mature plant type 
of resistance which completely covers the susceptibility evident 
in the seudling stage. 


In the remaining studies of the hybrid populations efforts 
were concentrated on determining the factorial condition for seed- 
ling resistance to the tvo physiologic forms and the agreement 
between field and greenhouse tests. 


In the scedling stage resistance to form 36 was found to be 
dominant and governed by two pairs of factors. Resistance to form 
21 was recessive and probably also governed by two pairs of 
factors. 


In the field the results were quite different. The 1000 
families that had been tested in the greenhouse were grown in the 
ficld and detaiied observations made on the segregation for rese 
istance. These families were found to give a fairly close 1:8:1 
ratio of resistant, segregating and susceptible lines. This in- 
dicated that only a single pair of factors was operating for field 
resistance and when the results wore compared with those obtained 
in the greenhouse there was a complete lack of agrrement. Table 
@ shows the behavior in the field of the two groups of strains, one 
group uniformly susceptible in the scedling stage and the other 

group uniformly resistant. 


Table 2. Behavior in the ficld of two groups of Fa lines 
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This is in the form of a contingency table and any relation 
between the results can be determined by calculating the value of 
X*, In this case X* * .275 and for 2 degrees of freedom P =.85. 
This valuc shovs that any relation between the results would 

occur by chance in 85 out of 100 trials, and thereforo is a very 
decided indication that ficld resistance is in this case inherited 
independently of greenhouse resistence as dctcrmined in the sced- 
ling stage. 


These studies have been followed up by tests on the F4 gen- 
cration in the greenhouse. Tvcenty-two lines that were breeding 
true to rust reaction in the secdling stege to forms 21 and 36 
were tested to five other forms. The results ere as given in 
Table 3. 


Table 3. Seedling reactions of twenty-two sulected Fe Jines 
of H-44-24 x Marquis to seven physiologic forms. 


Ficld -Strein --: °° °  ° Physiglogic Forms 


ne- BO. Ss f a : 2 4 ‘ 
cetion 9 14 1B 17 21 34. 3@ 
SUSC ah ge ed Bete Dips Pea, ae la eee 
B04. he 2 8 Bt 2 Bi eee wees } 
" Ae Bo! Sf OS ee es) | a } 
" Fh hers ed 5 aa Aaa ae aa CNS 1 
" 572 Re as MNT UMA UNE ie AA arene ea 1 
" 587 Bo ee NUR MMe SUM Oy Oe 2 if 
" BOD Pee Le) Gel ies 48, Baie Ree 7 
" 937 ELA i Meee aah ay ik, Sa 1 
Res. Tec wee oe oe Be Bh ey Na Nees 1- 
" BAG. Bose ey |S B+ a Niall oe i 
725 2 8 Bet) Sesh deat ee i- 
2 BGs Been os Seis ha iba aa hires ‘ies 
" 838 Bae Bt, Bae 5 Te 
" a bo tialliy Ilo pe aR ca usta REA I ne 
Res. 99 Na 4 Se! 3+ 
" 148 Bes ul oe B+ 3+ 
“ L179 mG, shack: 4, OF Ot 
i 208 yond 4 4. 4. 
" 221 1 A+ 34 3+ 
" 331 Bay + B+ B+ 
" ASOy aa lS .. Bt 3 3+ 
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These results indicate that factors governing high resistance 
to one or more forms may also govern the reaction to one or more 
other. forms and the reaction to the latter may be only moderate 

resistance or perhaps susceptibility. In this case we find that 
two factors responsible for the moderate resistance of H-44-24 to 
six forms, are allelomorphic to factors responsible in Marquis for 
high resistance to form 14 and complete susceptibility to the 

other five. The factor relations and rust reactions in both parents 
may be responsible as follows: 


H~-44-24 Marquis 
( M R-9 ( S-9 
( M R-14 ( R-14 
RR ( M -15 mr ( o-15 
( hi R-17 ( S-=17 
( Mf R-21 ( S-21 
( i R-34 ( S-34 
R = resistance 
S = susceptibility 
Mi R - moderate resistance 
MS = ¥ susceptibility 


Another project under way which may be classed as a fundament- 

al study is the testing of wheat varieties for resistance in the 
mature plant stage. This work is under way in the greenhouse at 
present. Fifteen varieties, chiefly the resistant parents in our 
crosses, are being tested separately to fifteen different physio- 
logic forms. This work is very important from the standpoint of 
our breéding work because we know now that scedling tests do not 
tell the whole story regarding the resistance of a variety and we 
must have complete knowledge before the bresding work can be in- 
telligently directed. 


Recent discoverics by other investigators and to some extent 
the results reported here have brought about some changes in the 
view-point of plant bresders with regard to the entire problem of 
breeding for rust resistance. 


Newton and Johnson have shown that color mutations occur in 
rust forms. Mutation of course is on expected rather than an un- 
expected phenomenon in all organisms but this is the first real 
proof of its occurrence in rust fungi. Mutation in rust forms with 
2 resulting change in parasitism have not been proven but there is 

circumstancial evidence that such changes do take place, and the 

occurrence of color mutants indicates that this is a real pos- 
Sibility. Craigie has shown that rust forms may hybridize on the 
barberry and this opens up further possibilities with respect to 
ihe production of new rust forms. 
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We sce therefore that nature hes perhaps provided for the wholesale pro- 
duction of nex physiologic forms and if these differ very distinctly 
from the old forms in parasitic ecpabilities it is evident that breeding 
for resistance to a11 of these forms may be too immense a task to be 
undertaken with a reasonable expectation of success. This should not 
deter the plant breeder, however, until it can be shotm the gybrid or 
mutant forms definitely possess new parasitic characteristics. 


Our own studies, however, on the niture and inheritance of resistance 
tend to offsct the alarming possibilities with regard to the multipli- 
ention of physiologic forms. These forms are diffcrentiated entirely on 
the besis of seedling reactions and some varieties such as Acme, Pentad, 
Hope, H-44-24, and Kots that are susceptible to a number of forms in the 
secdling stage appear to be resistant to 211 forms in the field. Kota 
shows the least resistanee of any of these varicties in the field but its 
resistance is appreciably greeter then in the greenhouse in the scedling 
stage. Acme and Pentad are both highly resistent in the field. Hope and 
H-44-24 are vulgare derivatives from a Marquis x emmer cross by McFadden. 
In the field they appeer to be the most resistant varieties that have as 
yet been observed, while in the seedling stage they are only modorately 
resistant or moderately susceptible to scveral forms. 


The discropeancy between field and grecnhouse results cannot be com- 
pletely explained until more is known regarding the nature of resistancc, 
especially of the type of resistznce exhibited by plants approaching mat- 
urity. Hursh has presented evidence to the effect thet the resistance of 
such varicties as Kota is morphological. Such a type of resistance de- 
pending on the proportion of sclerenchyme to collenchyma in the plant 
would not be expected to show until the plant was fairly well developed. 
But more evidence is necessary in order to show that such is. the case in 
oll of the varieties mentioned. The importrnt fact is that physiolegic 
forms are differentiatsd by tests conducted in the seedling stage and if 
another type of resistance shows up at 2 lnter ‘stage it mcey have an en- 
tirely different relation to the physiologic forms. lif it is physiologie 
it may split the forms in a different manner or it may perhaps throw them 
all in one group. If the resistance is morphologic or of such a nature 
as to throw all the forms in one group, rust may be regarded as aon en- 
tity in relation to plant breeding technique when dealing with varictics 
such 2S Acme, Pentead, or H-44-24, and the occurrence of a greater number 
of forms varying in paresitic cepabilities only in so fer as the seedling 
stage of wheat varietics is concerned, will not be en-appreciable factor. 

These facts, however, do not deprecate the importance of further re- 
search with physiologic forms. They tend rather to emphasize the impor- 
tance of research along slightly different lines. ‘Jc must know for exeam- 
ple what reactions our parent varieties give to different forms yvhen-* 
tested in the mature plant stage as well as in the seedling stage and at 
all costs we must know the complete possibilities with regard to the pro- 
duction of new forms by mutation and hybridization. The existence of 2 
type of resistance in some varieties that applies to 211 forms does not 
by any means eliminate the possibility of the production of new forms to 
Which these varietics arc susceptible. Further research to determine 
what nature has in store for us along this line seems to be absolutely 
essential to the plant breeding viewpoint. 
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TE RELATION OF THE CEREAL CHEMIST 


TO 4. WHEAT BREEDING PROJECT 


C. E. Mangels 


wien work in plant breeding was concerned principathly 


with readily recognizable plant characteristics, such as color 
of Plowers. Plant breeding has now been extended to include plents 
of econcmic importance such as the cereals. n case of cereal 


crops, ips: plant breeder is cften dealing with characters which 

are not readily recognizable. The plant pathologist has assisted 
in the selection of disease resistant strains. The cereal chemists 
function in whe: a7 breeding projects is to assist the plant breeder 
in selecting types which are desirable from the quality standpoint. 


The chenists work is relatively mcre important in a wheat 
breeding project, than in prejects with other cereals. Two object- 
ives in cereal breeding are the development of varieties more re- 
Sistant to disease and having higher yielding capacity. In the 
case of wheat, however, the new variety must also be satisfactory 
for the manufecture and production of certain food products-— 

nanely, bread, pastry. or macaroni. The chemist now recognizes that 
probably no one wheat will be eminently suitable for more than one 
of the products mentioned. A wheat must be suitable, however, for 
the preduction of one. class of products, and in the spring wheat 
belt we afte primarily concerned with the production of high grade 
bread and macaroni wheats. 


The quclity of the manufactured products prepared from wheats 
is almost entirely dependent on the quality of raw material. 

Milling is essentially c mechanical process, and flour mey be in- 
proved in quality only to a very limited extent, by chemical treat-— 
ment (bleaching) or addition of other ingredients. One of, if not 
the principal function of a mill's leboratory orgenization today, 
is the selection of the raw material. The plant breeder, agrononist 
and chemist all appreciate the great imvortance of proper quality. 
They fully realize that a new wheat must not only have some advan- 
tage in regard to disense resistance and yield, but 2s compared to 
existing types must also be of equivalent or superior quality. It 
is generally recognized that the extensive introduction of new 
wheat types which fail to measure up in quality, mey be a serious 
matter to both the milling industry and the wheat producer. 


It is the chamist's duty to examine wheats and then assist the 
plant breeder to make selections from the standpoint of quality. 
How cfficicntly can the cererl chemist serve in this respect at 
present? At present, the service of the coreal chemist in select- 
ing wheats for quc ity, is limited. 
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But while methods of tusting thet nc flour devolopec by tho 
eoronl chonist have proved to be of erect service to: tho mill- 
ing industry in controlling quxlity of preducts, cemmenly used 
rotacds of testing whent do not give sufficient basic: inform-— 


baie 2° rein ly new hae: italy ne bd eC ee should be 


Cerenl chenistry is ec .rclativly now ficld of endeaver. The 
lest deeate hes witnessed greit progress in the ficlé of cereal 
chemistry, but in spite of this progress, we still heve only 
2 very superficicl knowledge of the chenistry of whent 2nd flour. 
Tne chomist ecn be of grezter service in sclecting quality 
wacats. when fundamental resoarch in this field diseclses more 
facts regeriing factors which influence whoat. quality. 


The chetist recognizes tho fact thit glutens frou difforent 
tyres. of wheet differ’ in cuality. «© number of chemists heve made 
important contributions to this question, but 2s yet the problen 
i's not solved. We acvs, furthermore, for quite c Long while 
assured that the starch of whect is “just starch") xecent invest- 
iegnticns incicate important differences in the properties of 
wnect st-rches. 


There are. other inzaredicnts in whe:.t and whoent flour besides 
pretcin anc.storch. These substcn¢ces, itis true; may be pres= 
ent in Very ecall quantity. I wish, hovcver; to crll: attontion 
to the fact that vitamine substances in foces cro presont in vory 
minute gquintitics. Two cecadcs ago vitamines wore unknown, but 
tocay they have nssumed an important role in nutrition chenistry. 
abt presont wo know very. Little about the fatty substances in 
Wicat-inciucingstne Llipsid matoriais.: There! aro elso::pgums;, resing, 
and, Torments, which my hove ea profound: offect oni the quality 
Are Leonia, 


Every cherist engaged in cerecl work renlizes Tully the great 
necd for further fundcnentel researches cn the constitucnts of 
waonat ane flour, and’ their reletion to quality, Whore cand how 
enn. these investiagzticns be concucted? Fhe commerecinl cercal 
leboratory wsuahiy docs not haves time: and cquimment.,avalleble for 
such studics.. The function of mill laboratories is control and 
naintninonee of quality of procucts. Milling companies do not 
linintain laboratories strictly for fundencntal research. Since 
quality of milling products arc quite Cepondent on raw mcterials 
used, resecrchos on whect: cond, flour chemistry are s production 
os woll as'2 muonufsacturing problem. -Whent production is an-ag- 
ricultural ;problem and it is thorofore: quits fitting that the 
U. &. Départment of Agriculture and the stcte exnerincnt stations 
should support 2 rosonreh program of cheniesl investigntions on 
wheat and wheat products. At the present tiric only.five of the 
s : Wacgnioheter are cond§cting work on wheat and flour chemistry. 
Considering the value.sf the wheat, crop, the. financial support 
t 


toy 
he one in these five stetions is very inndeguate. With 


more sdequate fineneial sunport, the Laboratorios. now cngaged in 


this work could make some real contributicns to this nrobdlon. 
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The cereal chemist needs thercfore primarily more ~dcquate 
support for fundamental reserrch. While accurmlating facts by 
such investigations, the cereal chemist can probably be of grest- 
sr wssistcnee to the plant brecder b, some rncdifications ond 
ammlifiection of mathods of testing flour now in use. 


The controlled baking test still remcins tho principel 
methea of testing flour. Rocently tho American association of 
Corel Chomists hos given the brking tost very critic:) study. 
Tc purpose cf those stucics have bcen_not only the standardization 
of siotheds of pracedure, but an effort: iis boon mete to modify 
the procedure so that tho test woulc give 2 more sesitive, answor 
rogcrding wheat and flour quclity. 


For assisting the vlent broéedor in making selocticns, var- 
iations of the standard baking procedurs may be advisable. 
Swanson of Kansas bas, for oxarmle, cdvocnated the use of ‘scvere 
Hixing. Insteadiof one standsrd docking) test, 2 number ‘of veri- 
able tests can be race on the samc viriety. Such tests will 
give better information regording properties of tho varicty. 
THis means naddditione! work in. the baking Inberetory.. 4 relat= 
ivoly smell cncunt ofiaceitional tvork, inowover, would cnabie tae 
chanist to be of much greator assistance te the lent breeder. 


Tne possibilities for whoat improvcrient by plant breeding 
are not confined to discase resistance snd vi oian Se far -tten- 
tion of thie silent breeder hxs bocn’ focused on the develovnent: of 
whont of superior disease resistance and yielding power. It is 
possible, Aiovevor, to improve the quelity of whest 2s woll cs 
he yielding sover, Marquis whoct, the outstanding commercial 
hoard red spring wheat is the result of a cross, end is cortainly 
superior in quelity to its fife parents Mincum durum, now ro- 
ai os having quality superior to Kubenka, is . result of 
waa dice midge at the Minnesota station.) With only a pvartial 
knowledge of whoht cond flour quelity, we may diseard wheats of 
suporior quality. 2 more odgequate support of a research nrogran 
in cereal] (chemistry, willimoke possible more accurate andi ocarlier 
solecticmvot Ment. for qunlity. 
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A FIRST APPHOACH IN SECURING COMMMACIAL 


_RUST-RESISTANT “EATS 


L. R. Waldron 


The United States is a great wheat producing count.y, the 
total annual production amounting to about 800 million busnels. 
It is interesting to note that the acreage sown to varieties 
known to be of hybrid ancestry produced as a result of definite 
breeding programs is comparatively small. Perhaps less than 25 
per cent of the wheat acreage of the United States is devoted to 
such hybrid wheats, Marquis far exceeding any other variety. 


A discussion of this fact, in comparison with what is found 
in certain other countries, would lead us along interesting paths, 
This country has always been on an export wheat basis, producing 
more than has been needed for home consumption. The fact that 
we have continually produced more wheat than we have been able to 
consume must be taken into account in connection with our small 
hybrid wheat acreage. 


Let us consider Sweden for a moment. Years azo that country, 
wnich had always been upon an imoort basis, found its wheat 
acreage declining as imported wheat could be sold for less in 
Sweden than it cost to produce domestic wheat. The government 
interested itself in wheat breeding and at present, after 350 
years of scientific work, the yield of winter wheat per acre in 
Sweden has increased above 40 per cent and as a result of this 
increase in yield per acre the acreaze sow to wheat has shown 
material increases. At the present time the old native or 
Landsorten wheats are very largely discontinued, replaced by the 
new nybrid sorts. 


But a country does not need to be upon an import basis to 
e wheat bvreeding given particular attention as New South 

Wales and Canada attest so fully. Particularly in New South 
Wales has wheat breeding been pursued with a striking singlencss 
of purpose sfnce its inception by Wm. Farrer in 1886. New South 
Woles devotes about 75 per cent of its wheat acrease to hybrid 
wheats and of the total production perhaps 65 per cent is avail- 
able for export. 


Reasons for Small Hybrid Acreages. 


Why the Unites States has not taken a more important place 
in the production of hybrid wheats is due to a variety of causes. 
This country has a number of wheat areas none of which is of 
enougn importance to dominate the total export quantity. The 
attention of the nublic has not been focused uvon expert wheat 
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as an important national income factor as is the case in Canada 

and New South Wales. In many parts of our country when wheat has 
ccased to be a profitable crop, because of diseases or lack .of di- 
versification, crop diveristy has besn introduced which has result- 
ed in placing wheat in a relatively mtnor position. Also réletive- 
ly outstanding pioneer individuals, like Farrer of New South Wales 
or Nilsson of Sweden, have not made their appearance as wheat 
bresders in this country. The existence of this Conference fore- 
casts that for the hard spring wheat area future acreages may be ex- 
pected to be sown to hybrid wheats and to those of the most desirable 
types. 


In this spring wheat area, over a goodly portion of it, .it 
would not be easy to substitute another satisfactory cash crop to 
@upplant wheat. Also in this spring wheat areca disease takes a 
severe toll of the wheat crop. Comparing wheat yields and product- 
ion of the four Northwestern spring wheat states, Minnesota, I. Dak., 
S. Dak., and Montana, with that of the rest of the country, I heve 
estimated that for the five years, 1923 to 1928, the wheat product-— 
ion of the four stctes has lagged behind that’ of the rest of the 
United States a total of 1355 million bushels. That is to say, 
yields per acre have béen enough lower in the four spring wheat 
states, in comparison with the other states, to have made this 
relative difference in production. One can not say whether the 
spring wheat area faces greater hazards in wheat production than the 
average of the rest of the country. If it does then a portion of 
this 135 million bushels deficiency may be considered © permanent 
assessment levicd upon the four states by climatic conditions. 


Effect of 2 Resistant Wheat upon Total Production. 


Ceres wheat, as you know, is 4 new variety derived from cross- 
ing Marquis end Kota. It possesses 2 considerable portion of the 
stem rust resistance of its Marquis parent. It is susceptible to 
smuts and to other diseases. Comparisons sre available in over 
100 cases betwsen Marquis and Ceres for the years 1923 to 1928, in 
the four states. Detailed yields of Cercs and some of its related 
sslections are presented in this report by Mr. Clark. Basing judg- 
ment on ratio of yiclds in the experiment plats and extending such 
ratios to fivld conditions, I have estimated that had the Ceres 
varicty bsen grown in the four stetes from 19235 to 1927, the total 
production for the five years would have béen relatively speaking 
194 million bushels in advance of the rest of the country. If 
weather hazards in thc spring wheat area are compsratively exacting 
as is co.monly thought, these results apparently indicate that also 
in other regions marked positive benefits may be expscted from wheat 
breeding work. 


Other sclections have bccn m@de from the Marauis-Kota cross 
already mentioned which have definitely outyiclded the Ceres varicty. 
As a result of 62 comparative oxperiments in four states extending 
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fe) threo yoars, Mcrquis avercged 20.8 bushels, Ceres avura.ed 25.4 
bushels and the sclection, 1656.84, yiclded 28.0 bushels. 


The yield of 1656.84 was vory significantly greater than the 
yield for Ceres in the 62 oxperimonts. Associated with this grecter 
yicld is found < consisténtly greeter resistance to rust. Compare- 
tive rust readings are not complete for these experiments oyt there 
is no question about the Giffsren$.: behavior of the two wheats with 
respect to rust. In 13 experiments in North Dekota in 1927 Ceres, 
1656.84 and 1656.85 were grown comp2ratively. 1656.85 is a sib 
selection of 1656.84. Yisclds for these torce were, in order, 26.7, 
29.9 and 53.0, bushels per nerc, and corresponding rust readings 
wore 14, 7 and 4 per cent. Tho yield of 1656.85 is very signifi- 
cantly erenter then that of its sib, 84. The difference in’ the 
amount of rust. carricd ig significant with odds of 67:1 that 85 
hid cs, Losser amount of rust. . The dota do not allow'a ‘decision 
wnether the di.ference in yield ean be accounted for dy the very 
small differenec in amount of rust. Agronomists and pathologists 
are not in the habit of thinking that such apparently slight rust 
diffcrences as 5 per cent are sufficient to result in differences 
of 3 bushels per acre. We are fortunaté in the comparison of these 
three wheats in that they ere closely releted and evidently are 
much the same in their reactions to other diseases. 


In the western part of North Dakota where differences in rust 
betwen 84 and 85 were less pronounced, yield differences become of 
zero order. This indicates that in the vastcrn’ part of the stzte 
gery small differences in rust brought about yield differences of 
considerable magnitude but the case is not proved for with the change 
in gcography, other clements may -heve cntered in which affected 
yield. The problem of the influence of stem rust upon yicld has 
rezlly been given very little study. A series of yicld comparisons 
between two verietits showing differences in rust readings may mean 
very little as other diseascs may be present tending to omphasize 
or minimize the differences due to rust. To conduct any exact 
studics as to the offect of stem rust unon yield one would require 
for the comparison two varicties or selections quite alike except 
as to their reaction to rust. Failing ‘in having two such wheats it 
would be necessary to measure the effect of other yicld inhibiting 
factors to allow the partial correlation betwesn stem rust and yicld 
to’ bs ‘determined. 


Inherent Yiclding Capacity 
Asidc from all discase cfiect, the inherent yiclding capacity of 
diffcyent wheats must be considered. This problem is of far-reach- 
ing importance in any extended brecding program such as is contem- 
platcd by this Conference. The two mein domands upon a cereal var- 
isty, particularly upon wheat, are quality and yicld. Breeding for 
resistance to disease has for its principal object an inerease of 
yiold byt breeding for freedom from disease may accomplish its object 
only .in part for one may conceive a variety of wheat made up of quite 
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healthy plants entirely outyielded by another variety composed of 
healthy or even samewhat diseased plants. Accurate knowledge on 
this point is largely lacking. There have been variety trials 
without limit, but an accurate analysis of yield belonss largely 
to the future. Mention of some excellent work done along this 
line by Engledow in fngland is in order and some valuable studies 
have been made in Russia. 


Nilson-Ehle in Sweden is strongly of the opinion that the 
character of yield is just as definitely genetic as that of length 
of maturity or even height of plant. He believes that the high 
yield which is commonly found associated with the longer season 
varieties may be transferred by breeding to shorter season var- 
ieties which are commonly comparatively low yielding. His dis- 
cussion along this line is very suggestive and worthy of exper- 
imental studies. WNilson-Ehle's contention seems to be borne out, 
at least in part, by certain hybrid selections made by J. A. Clark 
from a Marquis x Kanred cross. One of these selections has been 
named Reliance. The susceptibility of Reliance to stem rust does 
not allow worth-wnile comparative yields to be madg where rust 
is present but under the nearly rust-free conditions which usually 
obtain in Montana Reliance and its sibs have yielded sdgnifi- 
cantly higher than the Marquis parent. In this case is it not 
likely that Kanred wheat has a yielding capacity inherently higher 
than that of Marquis and that this has been transferred to the 
Reliance hybrid selection and its sibs? It may be that the higher 
yield of Reliance is a direct consequence of some other character, 
such as greater stooling capacity. Even if this were the case 
the practical result might be much the same. 


Some of my own results indicate that selections apparently 
identical in appearance may possess different yielding capacity 
which difference is not brought about by a reaction difference to 
disease. One hesitates to draw definite conclusions in comparisons 
of this sort without careful studies by a pathologist as some 
disease may be present not easily recognized. Unfortunately those 
selections having the lowest apparent yield have not been compared 
long enough with the most promising selections to warrant con- 
clusions. The selections which allow comparisons to be made be- 
cause of sufficient number of experiments gave early indications 
of promise from one or two yields which promise was not meintained 
in later trials. Eight comparisons are available between 1656.84 
and 1656.47, two sister selections from a Marquis-Kota cross. The 
selection 84 outyielded 47 in the 8 cases with an avorage of 5.5 
per acre. Tne difference is of marked significance with odds of 
568:1. The resistance of 47 to rust is evidently about the same 
as that of 85. Another selection, 656.83, shows lower yield than 
1656.84 in the 20 available comparisons. The difference is 2 
bushels per acre with odds of 262:1 of a significant difference. 

A comparison of 1656.84 and 1656.81 is of particular interest for 
in this case 1656.81 usually carries less rust than 1656.84. In 
27 cases where an appreciable amount of rust was present 84 carried 
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more rust than 81 in 24 of the cases. Ir 87 comparisons the two 
wheats averaged 12 and 6 per cent of rust. There are 31 compar- 
ative yields available for the two wheats. While the average dif- 
ference is but 1.6 bushols this difference is significant with 
odds of 332:1. Aside from their difference in reaction to stom 
rust these two selections appeer so similar, except as to yield, 
that any possible difference betwen them would probavly cscape 
detection. I am confident that data could be secured showing dif- 
ferences in yicld between these selections from yp. Marquis-Kota 
material much more pronounced than thos, wnich have been cited, 
but the low yielding sojiections tend to be eliminated early from 
the experiments before enough data nave accumulated to make sig- 
nificant comparisons possible. 


importance of Breeding for High Yield 


My purpose in citing this evidence is to show the necessity 

of brecding for high yicld in addition to breeding for disease 
resistance. 1t would be unfortunate if so much attention were to 
be centered upon freedom from disease that high yield came to be 
neglected. Boti: visld ard uwuality must rcccive prime consideration 
in any breeding program. If thuse cleiichis are reflected at first 
the maximum gyd results are greatly retarded. I» btrecding for 
disease resistance the desirability of using at least one high 
yielding parent in the cross must be given proper consideration. 

If the discase resistant parent is also high yielding the advantzege 

is two fold «s the hybrid selegtions are then less apt to be handi- 
capped by carrying factors for low yield. Brecding wheat is allur- 
ing work but when three or four major demands must be met in the 
production of a suitable variety let us not deceive ourselves that 
the task is an casy one. 


Brecding for Adaptability 


There is still another aim in breeding which, while somewhet 
less specific than the foregoing, is of considerable imoorteance. 
I refer to the production of virictics having wide geographic ad- 
aptgbility. Aside from its susceptibility to stom rust, Marcuis 
wheat seems widely adapted. Part of this adaptability is due to 
obvious morphological characters, such as strength of straw, and 
part is not so easily explained. A variety like Red Bobs or 
Herd Federation is rather rigidly restricted to non-rust arcas but 
evidence from crosses indicectes that aside from S&gceptibility 
Hard Federation mast herestricted to areas of certain climatic con- 
ditions. The varicty Marquillo is evidently of considerable intecr- 
est in this reppect. This varicty in the region wherc the experiment 
stations of Crookston, Morden and probably Langdon, are located has 
done remarkably woll. Yor four years at Crookston Mrrquillo hes 
exceeded Cores in yield and has stood second only to Mindum. There 
may be other localities where this varicty is particularly adapted 
-but that necd not enter into this discussion. As one precceds 
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southwest it is not evident thnt Merquillo is adaptcd. Even at 
Fargo, only 60 miles from Crookston, its lack of adaptibility is 
in cvidenece for 2s an average of 9 experiments covering 6 years 

it is significantly lower yiclding than Ceres, with odds of 45:1. 
Marquillo has ecarriedisomewhat less rust at Fargo then Ceres. 

With 1656.84 yiclding significantly more than Cores at Fargo, 
largely because of difference in rust resistance, the lack of ad- 
aptability of Morquillo at Fargo bccomes even more obvious. A 
total of six pla g* yields of Marquillo are available at Mandan and 
Dickinson and here the odds are on the horizon of significance that 
Vorquis has outyiclded Marquillo. It is quite possible that Mar- 
guillo is unable to resist heat 2s well as other varieties but 
further studios are necessary for any final opinion. Obviously 
any natural wheat area possessing widely adapted varictics domands 
fewer varieties to fulfill its needs. A minimum number of var- 
ieties in an area is an economic advantage in the providing of 
pure sced and in marketing. 


Summary 


Attention is called to the fact that the acrease of wheat in 
the United States sown to hybrid varietics is comparatively small. 
The acreage sown to Marquis exceeds that of other hybrid varieties. 


A study of wheat production in Sweden and New South Wales in- 
dicates that our relatively small hybrid wheat acreage is not 
necessarily due to the fact that more wheat is raised than dom-=- 
estic consumption demands. The export wheat of the United States 
has becn a mixture of types and has not been of such a quality as 
to command premiums at forcign terminals. Our export wheat has 
not been of enough volume to yicld a considerable per centage of 
our national income. it 


The hard spring wheat area of the United States lags behind 
the rest of the country in yield per acre, and thus in comparative 
production. If vericties in the hard spring wheat arca were grown 
which were more disease resistant than those which have been grown, 
then yields per acre of spring wheats would probably be greater 
than yields of other wheats in the rest of the country. This is 
indicated by comparative yiclds betweon Merquis, Ceres and other 
selections not yet named. 


Data are presented indicating that even very small apparent 
differences in amount of rust between varieties may aifect yields 
very materially. If the evidenee as given is reliabls, it is like- 
ly that greater losses due to rust have been suffcred in the pas 
than is commonly believed. Also it is possible that the amount 
Ss 


uring loss of crop produced. 
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Evidence is presented indicating that sclcetions, cven when 
closely related, may have diffcrent inherent yiclding capacities 
without regard to disease. Assuming that varicties possess dif- 
fercnut piclding capacities, it is cvident that in brecding as much 
aticntion should be paid to inherent capacity of yield as to 
freedom from discasc. 


Attention is called to the fact that certain varietics are 
less widely adapted then others. In producing new varieties, it 
is of economic value to breed for wide adaptability as when this 
is done fewer varicties will be necessary for any natural wheat 
aren. 


Because of the several major demands of a desirable wheat 
variety, the production of desirable varieties is a matter of great 
difficulty. 


PAT 


POSSIBILITIES AND DIFSICULTISS IN THE 


FIELD OF RADICAL VoEAT CA0SSTUG. 


Bdgar S. McFadden 


The subject cessigned to me for discussion is "Possibilities 
end difficulties in the ficld of radical wheat crossing". I have 
taken the liberty of turning this subject around somevhat in that 
I will discuss the difficulties first, and then spond the romainder 
of the time allotted to me ince discussion of the nossibilitics. 

I have done tnis for two reasons; because I fcel that in any rad- 
icsl venture it is always a good policy to. first consider the dif- 
ficulties with which one must contend, and becouse, in this par- 
ticular case, there is practically no limit to the possibilities, 
“and should I attempt to discuss them first, thcre might be no 
time left for consideration of the difiicultics. 


In my verious attempts at radical crossing involving wheat, 
the difficultios thet have beon: cncountered can be cianssed under 
teo Necds. Mice first oO: those,.,.tor icck of a ‘better mome, Dowitl 
call "genetic inaf_inity", while the other is linkaze of charactors. 
Genetics inefiinity is probebly due to diffcercnecs in the number 
or general neture of the chromosomes, and may result in complcte 
foilure to, 6ifect a cross Orin, particl or complots. sterility of 
the first or following hybrid sencrations. For instcnce, in the 
writer's oxpericnee, 211 attempts to produce 2 cross betvecn the 
ere wheats cna Agropyron species such cs quack grass, west- 

wheat srass and slender wheat grass havo mot with complcte 
ae On tho other hand, it vis 2 rather simple motter to pro- 
duce °. cross betvcen the vulegzre wheats and ryc, but in this ccse, 
the first generation iybrids, in the writer's oxperience, .have 
always been completely sterile except when back-crossed with the 
wheat percnt. In crosses of vulgare wheats with durum, Poulard, 
end Polish whents-and with emmer, , particl sterility results in the 
first hybrid generation, and Both partinl and. compocte stcrility 
in some of the plents of fas following gonerntions. Genetic in- 
affinity can, in some cases at least, be overcome by crossing on 

Lorge secie. 


The problem of linkage of characters is in some cases more 
difficult to deal with: than that, of genctic ina-finity. In hum- 
orous crosses made betwsen our herd red spring wheats and the rust 
resistant durums, the character of resistance to stcm rust has 
proved to be closcly’ linked with cortrin kernel and spike characters 
of the durum wheats. I have studied several hundred thousand Fo, 
Fe, and Fy plants from such crosscs without finding 2 single case 
of this link.ge having been broken. However, I sm not going to 

scy that the ee cannot be brexen. It probably cam be if suf- 
ficient numbers are cmployed cnd neture is given sufficicnt time to 
take her course. 
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In two difforent crosses betwsen vulgaro whents and ommer, link-se 
of charactors thet was quite cpparcnt in the Fo and Fs was suc- 
eossfully broken in the Fy. I refer to crosses of Marquis and an 

unnemed wheat with Yaroslav emmer. 


The possibilities of whert improvement from radical crossing 
are practically unlimited. The time allotted to me will permit 
discussion of the possibilities of a single radiccl cross, that of 
Meroquis whoat. with Yaroslov cemmor. 


Yeroslav emmer possesses severnl charactcristics which would 
be of great value in our hard springs wheats. Chief among these 
characteristics are a high degree of resistance to both stem and 
lecf rust, rcsistsnce to tip blight, a thick, strong cnaff which 
prevents shattering of the kernel, tough, flexible stems that are 
resistant to breelging b; wind and hail, and narrow leaves of s dark 
blue-green color, characteristics that are often found associatcd 
with drouth resistance. 


The problem of transforring 211 of the above named desirable 
cheractcristics of Yaroslav emmer over onto our hard red spring 
wheats wes undertcken by the writer in 1916. It wes planned first 
to combine all of these. characters in a single variety if possible, 
which variety could latcr be used as foundetion from which to dc- 
volop other special purpose varieties possessing the same cheracter- 
istics or is many of thom as wns necessary to mect tac end in viev. 
Several crosses betveen Yerosliv ommer and our leading commercial 
Varistics of hard red spring wheat wero sttemptcd. Only one of 
these crosses, that with Marquis wheat will be considvered in this 
paper. In this cross, Merquis wes used 2s the pollen parent and 
Yaroslav emmér is the ssed parent. A single Fy) hybrid plant resulted 

from this cross. This plant produccd a great number of culms which 
‘bors spikes, but all of the spikes showed more or less sterility. A 
total of something over 100 seeds was producce dy this plant. From 
this ssed, approximately 100 F, plants were grown in 1918. These 
plants were all decidedly unpromising. After makin: careful obser- 
vations on the plants of this gencration, 1 became convinced that it 
Wis going to be next to impossible to ever segregate anything of 
real value from the material by ordinary methods of systematic sel- 
ection. It was decided, therefore, to harvest and thresh the mat- 
erial in bulk, and grow it as a "mixed population” for several gen- 
erations so -=s to give more promising types a chance to meke their 
appearance. Accordingly, the material was grown, harvested, and 
threshed in bulk at Highmore in 1919. This proved to be a bad rust 
year, and all of the plants that did not possess a high degree of 
resistance to stem rust produced badly shrunken seed. This gave an 
opportunity to make a rather sharp separation of resistant types 
from susceptible types by mechanical means. The material was first 
threshed with a small nursery thresher with the cylinder specd re- 
duced considerably so as not to separate the seed from the hull in 
the emmer types. 
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The threshed grain wes then run through a Clipper sced cleaner 
with an upper scr_cn of the right mesh to run off the sccds to 
waich the hull oad adhered. A rather coarse rectongulsr mesh was 
was used beneath which served to separate the plump svcd from the 
Sleondur types and sesd that hzd boon shrunken cs 2 result of stom 
rust injury. The resulting plump sseods which represonted, in large 
measurc, the rust resistent types wore then run through an Emerson 
Kicker which removed the long kerncled types, end see only the 
short, plump types. After the svcd had passed through the diffcront 
mechanical climination processss described, only 2 ull ape of one 
per cent of the original bulk remaincd. 


Between four and five thousand F, plants were grovm at Highmore 
1920 from the mechanically sclected secd. This matcrial was 

2 a observed during the growing season, and about 100 of the 
more promising plants tagged for sclection snd further study. These 
selections were later all discardcd with the oxception of six which 
appearcd to be true vulgare wheats possessing all of the desireable 
Gheracteristics of: the emmer parent. A111 of these selections were 
irec, or nearly so; from all recognizablo diseascs 


In the spring of 1921, the six Mcrquis-ermer sclections were 
planted in progeny rows on rich garden soil on m& farm nesr Webster, 
south Dekota. All of these selections remained entirely free from 
stem rust, and-developed only a trace of leat. rust that yoar. Both 
Marquis and sota which were used as checks developed considerable 
rust. The more promising of these original selections wore reselect- 
ed for kernel type, and these new sclections were grown in progeny 
rows in 1922... On July 15, 1922, my farm was visited by a hail storn 
so severe thet tho staté hail adjustor allowcd me a 100 per cent 
loss on 211 crops. Upon inspecting my ccroeal nursery following this 
storm, I was greatly surprised to find that although the check rows 
of Merquis were almost completely destroyed b; the hail, soveral 
of the Marquis-ermer selections were practically uninjured aS & 
result of the strong chaff and flexible stems inherited from the 
cmmer paront. 


Sinec none of the progeny of the selections srown in 1922 were 
entirely uniform, new selections were, made of the mors promising 
plants from the rows that survived the hail storm. These sclections 
were grown in progeny rows in 1923. Although none of these wheats 

had ever devcloped any stem rust since the first selections were 
made in 1920, it was not until 1923 that they were subjected to a 
sovere test for rust rosistance. A sevore epidemic of stem rust de- 
veloped carly in July, 1923, and these selections remained entircly 
free from all traces.of the disease at harvest whero:s the chcck 
rows of Marquis carried a 100 per cent infection. 
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It was in 1923 that it first became apparent that although these 
Varquis-emmer selections had inherited all of the desired qualities of the 
emmer parent, they had also inherited at least two of its undesirable 
undesirable qualities as well. Conditions were expecially favorable for 
the development of root rot and black chaff that year, and the Marquis- 
emmer selections proved to be very susceptible to both of these diseases, 
having apparently inherited these defects from the emmer parent. After 
making this discovery, an effort was made to find individual plants that 
carried resistance to these diseases. About 50 plants were selected with 
this end in view. These selections were grown in progeny rows in 1924, 
but none of them proved to be very highly resistant to either of the dis- 
eases. However, some of them appeared to be somewhat more resistant than 
others, and a few of the more promising of these were saved for further 
testing. 


Several Fj natural crosses between the Marquis-emmer selections and 
other wheats grown in my nursery were found in 1923. An Fo generation of 
these crosses was grown in 1924, and an Fz in 1925. A study of this ma- 
terial roveased that there was no apparent linkage between susceptibility 
to root rot or black chaff and the desirable characteristics inhcrited 
from the emmor parent. Im fact, no linkage whatever between any of the 
desirable emmer characteristics and any other characters was observed. 
Here vas good evidence that it would be a simple matter to combine these 
desirable emmer characters with any other charactcrs desired. Aftor mak- 
ing this discovery, I became convinced of the great value of the Marquis- 
ommer sclections for brecding purposes. Accordingly, what appeared to be 
the most promising of the sclections was given the name of Hope and dis- 
tributed to sevcral experiment stations within the spring wheat areca for: 
usc as a parent. 


In addition to the natural crosses mentioned above, several artificial 
crosses of Hope and the related Marcquis-cemmer selections with other 

wheats have been made since 1925. A study of the Fg and Fs, generations 

of this material has convinced the writer that the production of good qual- 
ity hard spring wheats carrying all the desirable emmer characters and 
adapted to all conditions within the spring wheat area of the United Statcs 
Will not be a very difficult matter provided the necessary funds for carry- 
ing on the work can be raised. 


Another desirable characteristic of the Marcuis-emmer selections is 
their degree of resistance to both loose and stinking smut. Several 
attemmts to infect those wheats with these diseases have mot with complete 

failure with one exception, in which case three poorly developed smut 
balls were found at the base of one of the later spikes of a single plant. 
This individual plant nad the appearance of being a natural hybrid with 
some othcr wheat, and it is possible that it may derive its partial sus- 
ceptibility from that source. As to woere these wheats obtained their 
resistance to loose smut and stinking smut, thc writer is unable to say 
Since the emmer parent is peculiarly susccptible to stinking smut, and 
Marouis is not very highly resistant to cithcr of the smuts. Apparently 
these wheats came by their resistance to the smuts in much the same way 
that Columbus discovered america--largely by. accident. Nothing is known 
<s yet concerning the inheritence of resistance to eithcr smut in thesc 
wheats, but it seems reasonable to cxpect that this characteristic will 

be inherited by at least some of the progeny in crosscs with other wheats. 
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AN EXTENSION SZED PROGRAM 


E. G. Booth 


Taere are at least three problems to be dealt with in a good 
extension seed program. The first of these is closely allied to 
the work of the plant breeder and is really considered follow ip 
work. The objects of a seed program may be considered as follows: 


1. To distribute the foundation sced of new and desirable 
vvarieties and to encourage a further increase of such seed. 


2. To popularize and limit) the number of varieties grown to 
those which meet the needs of the state as a whole. 


3- To organize and supervise facilities to create and care 
for the demand for good seed. 


Intensive and extensive work is necessary to carry through 
this program. There are many ways in which each end can be attained, 
and numerous methods of attacking the problems. 


A&A very important question arises as soon as the first supply 
of sced of a new varicty is sufficient to distribute to farmers. 
Should wheat seed, for instencc, be distributed in small quantities 
of onc peck, a half or whole bushel, or in quantities sufficient to 
seed five or ten acres? Most crop improvement associations and 
secd organizations favor the distribution of a reasonable quantity 
to each grower. Kiesselbach, in a recent article, comes to the 
same conclusion and it has been the expericnce in western Canada 
that the seed situation was materially improved after such a policy 
was adopted. 


After the first lot of a new varicty hes been distributed, 
preferably undcr contract, a far more important considcration arises. 
Should the state-owned or controlled institutions continue. to in- 
crease and distribute annually a few hundred bushels of foundation 
sced of each of such varictics? Here we have a matter less discussed 
and of great importance. We usually hear the objection raised that 
state institutions should not enter into the seed business or con- 
pete with private interests. It seems questionable whether the pro- 
duction of a few hundred bushels of foundation seed of each variety 
efn be considcored a competitive business practice. In fact, crop 
improvement men have agreed in many places that state control and 
increase of such limited quantities is highly desirable and neces=- 
sary to safeguard public interest and to obtain the best results 
from the efforts of expcrimental institutions. Sweden early recog- 
nized the necessity of a state-wide organization to increase and 
distribute yearly a supply of foundation sced. The plant breeding 
department in Sweden turns over all the new varieties and re-select- 
ions for yearly increase to the SWGdish Seed Association. 
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The seed growers of Canada owe the wide expansion of their activ- 
ities since 1920 to the newly adoptod policy of the provincinl and 
foderal experimental farms who enmmally sell large quantities of 
elite secd. This system of increasing the available supply of 
foundation secd has, to a large ex:pnt, replaced the idea of grovers 
caring for sced plots, although experienced secd growers still pro- 
duce their own clite or foundation secd from hand-selected secd 
plots. 


The Ganadicn association started its “rork based upon the ides 
of 2 hend-selected ‘seca plot. The early educational work accon- 
plished much in developing this system and wonderful results were 
obteined. The real. point which is worthy of note aa is the fact 
thet even though a remarkable group of scced growers were trained 
and used the sced plot method for grains, public rene was not 
aroused, nor was widespread use made of registered sced grain in 
Canada until state Nee titutions virtually supplied the foundation 
seed and became ively interested in such work. It is not nearly 
so importrnt for. peau institutions to provide continuous supplics 
of foundation ssed for corn and potatoes. These crops are easier 
to rot#e and keep pure by sclection. Seed of these crops can be 
selected for a good acreage and the work is not so difficult as 
maintaining the purity of the small grains and flax. 
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There are three essential things for a crop improvement assoc- 
iation to have at its command; (1) a supply of foundation seed, 
(2) commetent inspection and grading service, and (3) 2 demand for 
its products. 


There is an old saying that "musicians are born"and it seems 
equally true that others are fitted for different walks in life. 
There are too few one-hundred=-per cent growers who understand purity 
and seed improvement to entrust them with the entire responsibility 

of producing supplies of foundction seed. Farmers who have a liking 
for seed work can be trained to be good seed producers but the num- 
ber of such men is limited, and they are widely seattered. Even 
these men, after being trained and knowing how to handle sced plots, 
have 2 otioan Dle inclination to ask the state institution for 
elite seed. It is of course necessary for the state institution to 
distribute foundation seed which is nearly LOO per cent: pure. 


From the sced growers vicwpoint, it would scem highly desirable 

for each experimental station te have a smll seed farm. It would 
be possible then to grow a smll quantity of foundation. seed of 

each reconmmeoncec variety for annucl distribution. To safeguard the 
purity of such seeds, it is neccssery to have someone actively supor- 
vising the growing, cleaning and shipping. Cleaning facilities are 
very important and should be quite complete and up-to-date. Growers 
seem satisfied to pay a substantially higher price for pure, clean, 
foundation ‘secd. This should make such an undertaking largely self- 
supporting. 
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The sccord stev in an extension sccd program has been noted 

as an eftort to limit the number of vnricties and popularize those 
which meet the greatest need. A variety which is grow on “nh occas- 
ional form or even in part of a county, because of some peculiar 
soil or climatic condition , is not considered in this outline. a 
local cormunity or sleccted seed grower can offord to give attention 
to such a demand, but the activities of an extension program in 

seed work should be largely governe2 by the relative proportions 

and importance of the crop. This fact his bsen emphasized to mect 
the stcatemont that there is 2 place: for half 2 dozen varietics of 
wueat, and to keep them from being ploccd on the st«te list of recom- 
mended varicties. When such vrricties ire mercly 2 fraction of 

the total crop a@®own, they shoule be dropped from the sved progran. 
This statement should not be interpreted to include varietios which 
have serious objections from an sgrononic viewpoint, but which 
novertueless sre grown by 2 good percenteec of farmers beccuse of 
some countéer—balancing merit. If the formers of 1. consicercble ares 
fine they can, groy an inferior variety at .- profit because of some 
environrientel factor, then it should be pirt of the seca program to 
provide the best seod possible of such voricty to keep the crop on 
es high 2 paying plane -~s possible. 


it s.ems cdosirable thet we should heave <« state aivisory com- 

mittee of plant brseders and tiriose doing agronony work to piss-upoa 
the list of recormenéed varieties. Such 2 cormittce might also 
function for the control of naming end releasing new varieties. It 
is uncesirable to heve individual suthority tc release or name: var- 
icties in citferent Gepartments, ond at different stations within 

ne stete, even though such groups are uncer separate: control. All 

t his is put forth from the extonsion worker's vicimoint to assure 
unaninity of effort anc recommendations. .There is also a feeling 
Q2moOnz extonsio“ workers that such principles anc practices are neces- 
sory to inspire confidence; and establish « basis for the dovelopnont 
of « sved program... The plent breeder and agronomist must obtain the 

confidence of growers through the county agent, if the extension 
division is to supervise such work. o insure such confidence, 
growers must not be disappointed in the purity of the foundsaticn seed 
recieved from the institution nor must the institution bread faith 
by, an unwerranted intorcuction of a new veriety just 2t the moment 
the seed, Growers have managed to increase cne varicty to tne sale- 
able seed point. .fo keep faith with those men, it, should be possible 
to establish prectices anc methods which will insure their protection 
as secd producers. Woulc it not be ddsirable to appraise such grov- 
ers 2a sufficient longth of time ahead, to prevent them getting 
caught with a seed crop which has suddenly lost much of its velue 
because of high pressure publicity for a new veriety? 


Refcrring again to the purity of foundation seec, there is one 
other point to be considered. We frequently hear it said that the 
secd distributed by state institutions contrins some impurities but 
is fr ochexd of the seod grown by tho averazce.farmor,: and is, there 
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fore, suitable for distribution. This is probably true when such sced 
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is sold to farmers who will use it for the procuction of commercial 
grein. The secd grover who is being trainee by the extension worker 
to identify ond rogue cut Lt a See ane while increasin: soced will soon 
lose conficenes in the work and those who are working with hin if 
mixtures aro sent cut from thé state farm. The idea that it is the 
work of extensicn forces to train a group of seed growers tc purify 
seed by the use of hand-selecte* sced plots is more boat eat than 
Prec eol. 


So far, nothing his been mentioned about.a program for populare 
izing standard varietics, _The effort along this linc is decidedly 
cifferent, perhans ae ie the Ccensity of population as well «as en- 
vironncatal factors. The following are some of the methods which 


have been wictely used to populerize standard verictics: 


1. Verictel cemonstration fields. (No accurate yield data.) 


2 Varictal dononstretion plots and pene with small plots or 
square-yard ereas harvested for yield data. 


3. in more recent years, rod-row trials have been used. 

4. Fair exhibits and entries. 

5. standing field srain. competitions. 

6. Combined standing ficld and threshed grain competitions. 
7. Meetings ane institutes. 


8. Bullictins and varmblets. 


9. Press publicity of all kinds. 


The question arises as to which of these, or other methods not 
nentioned, should bo used. The extensio= worker has limited time and 
funds, and as-a reslit, all extension workers are keen students of 
methods to accomplish the most work and greatest good with the least 

time and expensc. There has been 2 decided shift in extension activ- 
ities in some states towards the use of more newspaper publicity. 
Recent investigationel work by the U. S. Denartnent of Agriculture, 
Extension Division, indicates rather clesrly that there is considerable 
wisdom in laying more stress on publicity. Older settled provinces 
and states, with denser nopulations, which have built up crop improve- 
nont asdociations, have used the demonstration: plot and accurate yield 
methods with surprisingly good results. There is a marked tendency, 
however, on the part of provinces and states, with less dense--popiina- 
ticns, to use the gencral denonstration field and concentrate on pub- 
licity. Both methods have advantages and merits. For conservation of 
time and funds, there can be no questicn that the large ficld denmon- 
stration coupled with thoroughly organized publicity is «2 highly cffic- 
icnt pr ograr. lore and more, extension workers cre realizing that 
publicity is tho greatest sien force and medium of accoriplisning the 
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Gosired ona. Publicity must be based on facts and have an appeal. 


This state nossesses 225 weekly newspspers, and 8 dailies. Several 

huncrec editors 2re sseking re2l news stories which have a local inter- 
est. If Jonn Smith of Lakote grow a new varicty of rust-resistant 
whent and sole ten bushels more per acre than the neighbors, it is a 
real news story with a locel neme and flavori If John Smith grew a 
number cof rod rows for the’ local agent and the yields of the rod row 
trials are publishea in the local paper or a number of farmers are in- 
bited in to look over the plots, the local effect is of small importance 
Let it not be thought that this statement detracts in any way fron the 
valuo of such work. It is fundamental work and provides the data for 

institutional workers to assume confidence in their recormendations. 
All the way along the line, up to the ferrers, such’ trials are useful, 
but education in the field must precedc the real bencfit cof this type 

of work. Perheps there are communities ready for such work and it is 
surely not toc much to assume that the public's confidence will. grad- 
ually be gained elsewhere. It is also reasonable to cxpect that if 
full confidence is dcoteloped in the work of the state institution, such 
Cerionstrating and populerizing of varieties can be carried out circctly 
through trainee seed growers used es the basis for organized publicity. 
Rod row trials and plots for accurate yield data are cssentislly part 

of the plant breeding or agronomy program. From an extensicn viewpoint, 
they may be effective bat expensive in time and funds when the regular 
force in the field are responsible for carrying out the work. 4. good 
news story with a local flavor reaches more people and involves less 
time and expense. It is true, however, that the effectiveness of a 
policy to popularize varieties by publicity requires skill and training 
on the part of the agents in writing for local papers. The story must 
mot only be. news but it must be written up in news style. 


It is apparent that no one method of populerizing and standard- 
izing varictics should be used to the exclusion of others. In Minnesota 
anc Konsas anc in eastern Canada, the intensive method of plot demon- 
stration hes been used. In western Canade, the program has been de- 
veloped by field demonstrations and publicity. With scattered farms 
and less dense population, the plot mothod of demonstration coes not 
appeer to be very attrective to extension workers 2s a whole. 


The third problem to be confronted in en cxtension seed program 
is to ncet the demand for seed by organizing and supervising facilities. 
This is a most effective way in which the county egent can establish 
contacts ena be of service to his commmnity. .The supply of certified or 
registerce sced is usually inadequate and indeed scarcely necessary as 
seec for the bulk.crop. 


T..c Nurth Dakota state and county seed progrem has been designed 
to meet_this situation. Tue first step is to discover and train the 
small groun of farmers who have an inherent liking for seed work. There 
are probably 100 such men in the state. It seems a logical thing to 
use these growers, excusively for the first field increase of foundation 
seca released from the experiment station. Only men who will care for 
the secc, keeping it pure anc attending to certification details, will 


se La 


eventuclly be included in this group. These nen will soon becorie known 
as seca growers. The nure sved laboratory anda extension force will both 
be instrumental in ceveloping this work. 


The secc from such a group of growers will be sold throughout the 
county anc state to the wide-awake farmers who wish to obtain increased 
yields and extra profits by supplying what tho market Ccomends in the way 
of quality and purity. This sccond group of farmers who cre generally 
leaders’ in their community must be dependec upon to realzxy increase a 
varicty to the point where everyone can obtain the seed as cormorcial 
stock. The county agent then has two jobs; (1) to sclect ané@ train a 
few foundation seed growers for the initial increase. (8) to assist in 

he t.ansfer of the pure sced thus increased, tc a larger group of 
lender farmers and to keep track of such growers by general cncourage 
ment sc that eventually he will have large stocks of good seed for every- 
one in the Clee oa 


The extensisn program cannot stop at this point. There'‘are two 
fundanental thinzs to be done, (1) to provide e source of foundation 
seed. (2) To build up a demande for the pure seed produced. Many a good 
seec grower has lost hope because his fiele 6 of merketinzg did not extend 
beyone nis neighbors who would not pay a premium. 


To create a demand, public interest mist be aroused and simple 
means provided for easy exchange or purchese of seed. This is going be- 
ond the county agent's work to the field of the state specinlist. Plans 
oc Gevelop the marketing side of pure seed work must include field in- 
Sspection, registration cr certification, seeds lists, local secd conters, 
scec fairs and a close cooperation with the seed trade. Seed houses 

have desirable seed clecning machincry and it should be yossible tc use 
such facilities in.o well-orgcnized state secd program. <A summary of 
the program outlined mey be briefly given as follovs: 


1. The production of foundation seed of approved verieties on ex- 
perimental ferms which is- 


) Proéuced under the supervision cf cameteont workers, 
) Cla¢anead and stored under up-to-date conditions, 
) Distributed free from admixtures and 

) Recognizea as elite or foundation rogistered sced. 


2e Distributed to a group or select or avproved seed growers through 
ty Ls 


(2) Distribution to men who like seed growing and who will work 
with the pure sced laboretory and extension workers, 

(bo) Field en@ bin inspection by e@ regular force ana certified 
or registered, and 

(c) State lists as sources of certified or registered sced. 


5. Further distribution to prominent farmers for general increase 
through: 


(a) “neouraging men who are leaders in the community to buy nure 
Scods 
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(bd) Using such sced to provide lerge sources for general dis- 


tribution. 
(ce) Encourcgement and partiel supervision of growing these lerse 
fields. 


Populerizing and restricting the nuziber of varicties through: 


(a) Ficlé demonstrations on the epproved sced growers' places 
and with leading, farcers, 

(bo) Systematic publicity with a local touch, end 

(c) Cron competitions, public gatherings, fairs znd bulletins. 


Developing demand end market facilities by: 


a) Field and bin insypection, 

b) Some special seed centers, 

c) State sced lists, 

a) A standearized syste: of binning, spouting, cleaning, drying 
and storing to develop approved seed cleaning; companies out 
of the existing trade, and 


(e) A sufficicntly flexible handling Spster; to encourage and 


develop handling of certified seed by the local seed houses. 
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MAINTAINING THs IDENTITY AND PURITY 
OF WHEAT VARIETIES 3 
H. L. Bolley 


This text is not without merit. It is well known that the manu- 
facturer now rightfully claims and enforces the right to do his own 
mixing and blending of raw products used in processes of manufacture. 
Further, it is a criterion of business economics that best quality 
products can only be made from raw products of high purity and quality. 
Such pure type raw materials, whether of wheat or of other produce, ther 
fore carmand top market values. They set the level of prices for all 
Similar raw products of lesser purity and quality. 


The primary purpose of this rmeting is to plan for improvement of 
wheat cropping through breeding of new production strains, varieties or 
kinds. This can be done. New and improved varieties have often been 
rade and as often lost. There are now an almost unlinited number of such 
lost kinds. 


Wheat varieties are probably quite as old as intelligent man. So 
true is it that great modifications as to kinds, varieties and strains 
now exist, that it is quite possible that intelligent methods of select- 
ive sorting from the great mixtures now existing is as likely to give 
worthwhile results as one may hope to gain from the genetic breeding or 
selective sorting of crosses obtained by pairing of perent plants of 
supposed pure lineage; for at best, in such crossing work, one but aims 
to intelligently jumble the existing characters of million year old line- 
ages, and must yet make the selections and save the worthwhile ones for 
cropping purposes. 


In whatever way, then, that the breeder makes his scle¢€tions, the 
type must yet be proved of worth for human consumption. That there may 
be opportunity to do this, the kind must be saved, for a time, from the 
inevitable end as an addition to the great general population of wheat 
mixtures. 


There are data in the various pure seed laboratories of this country 
to prove conclusively that there are essentially no pure wheat varieties 
in commerce in any of the general wheat producing areas. Here in the 
northwest spring wheat area, it is safe to affirm that no new voriety 
sent out by its maker is held reasonably pure under general cropping for 
a time exceeding 3 to 4 years. Thus, by the time that a new variety 
becomes the general crop of any region, it can not be asserted with sure- 
ty that any of the noticed merits or faults of that crop are in fact 
natural to or characteristic of the supposed variety. 


Plant breeding with wheats has now reached such a stage of exact 
procedure that any type can be produced that the trade will pay for. 
It should, however, be considered as worse than criminal carelessmess for 


publie institutions to largely expand the present production of varieties, 
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if no proper steps are taken to maintain the ynurity of kind until proved 
of merit, or if no method is devised to so safeguard the further seed 
increase, distribution and general crepping work that the sources of 
varietal admixtures shall be essentially eliminated. When this is well 
done, then, and then only, may we hope to reap the bencfits which should 
accrue from the intensive advance in scientific methods of cropping nov 
mede possible by the chemist, physicist, agronoriist, pathologist and 
plent breeder. 


Every state now has the nucleus for such service and supervision in 
the possible systematizeec functions cf its extension and pure seed divi- 
sions. I outline the stcps as follows: 


(1) When the plant bresd@ing work of the experiment station has been 

consummated in a variety in sufficient quentity for distribution, it 
should be systematically, fairly and evenly distributed to farmers through 
‘Out the districts in quantities sufficient for proper seed nlot or seed 
field work. This should be done under such contract as shall make it 
possible to withdraw or discontinue the varietal distribution as an 
approved varicty or to aid in ths rapid expansion of the production of the 
same under general cropping. 


(2) The seed plots must be so guarded as to climinate the possibil- 
ity of the entrance into the increase crop of any varietal admixtures. 
This work falls nominally within the ficld of extension service. 


(3) An official field inspection scrvice follows. The duties of 
such survice is to make complete records leading to registration and 
eertification of the increase fields ana their products; so that when 
quantity production of se_d for sale is posible, it too shall represent 
a pure line pedigreed product. The general farming and milling frater- 


nity then has a sound besis for work. 


The North Dekota Agricultural College now has a part of this work 
well initiated, the essential stens of which are as follows: 

(1) The authorized increased sced from any variety is sent out 
under contract between the director of the experiment station and the 
grower and under the number and varietal name as recorded in a given de=- 
pertmcnt of the experiment station. 


(2) At the time the sced for the secd ficela or secd vlot is @is- 
tribute’, the fermer is given instruction “how en to sow tovavoid 
disease, weeas, varietal admixtures, etc. 


(3) The county agent, or other service men of the institution, then 
keep in touch with the farmer and give such advice and aid as to roguing 
harvesting, threshing, storing,. etc. as, shall insure that the seed for 
tne farmer's inerease cron of the second and following years shall be 
of sound pure type. 


There is no valid reason why wheat breeding work may not be greatly 
expanded and so pushed that results may not bring greater prosperity for 
all wheat Iarmers and their cooperating business allies end associatcs. 
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NEW WHE.T VARIETIZS FROM THE POINT 
OF VIEW OF THE COMMERCIAL MILLER 
M. A. Gray 


I desire to congratulate those who are responsible for 
calling a meeting of this kind at this time. I doubt if it would 
have been possible ten years ago to gather a group of individuals 
interested in a program of wheat improvement. The large number 
present affords the best kind of an index of the possibilities 
that lie before us. This group of so many diverse interests in- 
plies 2 desire for cooperation, and I am sure we are convinced of 
the necessity of attacking a problem of this sort in 6o0o0fcre - 
ative spirit. Before beginning my discussicn proper, may I not 
sugzest that this conference be mace into an annual affair? Cer- 
tainly meetings of this sort consitiute clearing houses for dis- 
cussion of things eccomplished in the past and afford enthusiasm 
of future possibilities. 


Tne problem of making a satisfactory flour is one of ccnsider- 
able difficulty. I believe I am speaking accurately when I say 
that the flour produced in the past by the mills of the Northwest 
won a rather remarkablo reputation for this territory. Fortunately 
this reputation still remains with us in a large measure. In 
years past the quality of the flour milled in the Northwest fron 
wheats grown here had unusual merits and was in great demand. 

This condition wes particularly true before the large increase in 
production of the wheat in the Southwest. At the time when the 
flour of the Southwest entered the eastern markets it was not 
very choice and the baking trade, and especially the housewife, 
did not have much confidence in it. For reasons perhaps not very 
well understood there has been a change. in attitude toward the 
flour of the Southwest. The competition at the present time be 
tween flours from the tvo regions is very keen. This is shown by 
the fact that in the eastern merkets flour from the Southwest 
sells almost on a parity with our own flour. This is in marked 
contrast to the past when flour from hard red spring wheat con- 
mancded a premium of from $1.00 to $1.25 per barrel. This sit- 
uation faces the miller, and in order to run his business profit- 


ably he is foreed to recognize facts of this sort. 


I am presenting these facts to you to show you that if 
millers seem to be very discriminating anda exacting in regard to 
new varieties of wheat, a definite reason cxists for taking such 
an attitude. As long as the mills of the Northwest ere faced 
with such keen competition it is of the first importance that the 
wheats entering into their mills be of e certain grade. If this 
were not the case you can readily sce that the reputation which 
mills of the Northwest have at tho present time might casily be 
lost. It is necessary that we look at the wheats that we purchase 
very critically. The wheats that we mill must measure up to 
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certain requirenents and must have a certain degree of uniformity; 
we can not afford to take chiunees on such imortant mattcrs. It 

is very evident, I think, that if the millers Syenhed to use, var- 
ieties of wheat that were. infcrior, that produced grades of flour 
waiich would sell at a discount in comparison with flours from the 
Southvest, that not only the mills woulc suffer, but thet the 
former 2s well would have to take a discount in the price paic for 
his wheat. Frankly, the milling interests aie run as profit- 
moking enterprises, and if profits ccase to bo made the mills will 
naturelly go out of existence. 


Forty years or more ago the wheat almost universally crow 
was the old Secoteh or Red Pife, and at th iat tints it wes .consicerod 
the standard milling wheat of this country; not only was it con- 
sidered the standard whect, but it wes probably superior in qual- 
ity to any other vericty grown. The varicty Blucg$ém: was 
introduced about 1892. The quality of or viriety was also con- 
sidered standard. Both of these varicties were largely peeeana 
by Morquis, over’ most of the nore. spring ah area commencing in 
1913. Just why these wheats wors successful fsr a certain period 
end then died out is r-ther unccrtain. Pcrhaps it wis cue to the 
clencing concition of the soil; to ‘chance of climatic, conditions 


mast J 


to carclessness on the part of the farmer, or psrhaps poor seced- 
tucatever. the rocson there is no seoubt. as to the. facts. 
At the present tins it scems possible that Marquis may 


follow the path ofRe@#ife and na other varictics. Tae millers 
heve not been xt all certain that sonc.of the verietics that have 
been offerce vere equal to Marquis or Blucgtem It is not 
possible to consider miny of these. However, it docs appear tart 
Ceres probably shows 2s go00d promise as any wheat produced in the 
last few yours. 


Dr. Ball pointed out this morning that the: miller is inter- 
ested in millinzs results and in quelity. The quality of a wheat 
is of peramount immortance. The niller is interested to heye the 
wiacat ylela = reasonably High porcontage of. Tlour, ond he is 2aisa 
interested in having the flour make « standard numver of loaves 
per barrel of satisfactory eee 


_ dhe varicty Keta was véry ruch in the limelight . few years 
ago. It wos being >ushed by organizations which cither bclievec 
it. would supply a necd of the farmer, or which believed that it 
was of commercial value in other ways. The millérs were almost 
a unit thet Kota’ wheat could,.not sc canara replace Marquis. 
It aac certain peculiar characters which mace the flour unaccept— 
eable by the flour buyor. Evidently Kota forms a considerably 
proportion of the wheat now grown in the Northvest, and it is 
pretty cencrally acceptea-on the markets. It is: probably sefe to 
scy tnat efforts in prorioting this variety should not be increased. 
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If the people who composo this Conferonce can cevelop a 
wheat like Ceres, it will be satisfactory to the millers. If it 
satisfiéd the millers « variety of this sort will likely mean a 
great dcal for the Northvest. 


I have tried to show’you in this talk that the nilling inter- 
ests at present are laboring uncer certain handicaps. Whether 
these handicaps are so great that the milling interests can not 
eet back to where they were a few years nga remains to be seen. 
Governor Sorlie is optinistic in feeling that we can go back to 
the nosition’ that the millers ned some ten or fifteen yernrs ago, 

I hope his optinisn is well-placcd, but personally I have doubts. 


In regard to durum wheat, which hes become a very large crop 
in the hard spring wheat area, the conditions having to do with 
its milling and quality requirements are ontirely cifferent. 

Durum wheat is ground into a coarse flour known cs semolina, and 
his semolina; after. being mixed with water, is formec into a 
paste, of which macaroni is e tyre. morder toimeet market re= 
quiremcnts macaroni must have the right color, it must retain its 
shape when cooked in certain weys, and it must not become mushy. 
The exacting demands. of good resteurants anc those of the foreizmn- 
born population must be satisfied. «aA dururn wheat buyer finds it 
cifficult to selects’ tisfactory durum wheat on the market. Not 
enly is this true, but aprarently the proportion of good durum 
wheat seems tc be getting less and less overy. year. I em give no 
particular reason for this apparent increasing scarcity of satis- 
factory durum wheat, except thet nerhaps the durum wheat acreage 
hos: been entering into regions not adented to growing a satisfact— 
ory sample. Kubanke is still a favorite durum variety. Mindun 

is a close second to Kubanka--perhaps almost equal to it. This 
variety was selected by the Minnesota: experiment station. After 
these two varicties are mentioncd it is doubtful if much more can 
be said in regard to desirable tynves. 
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I wish to put it emphatically before the Conference that nil-=- 
lers in their criticisms of whect varieties are zoverned entirely 
by the results secured at the mill and by their cesire to satisfy 
the trade. Even though durum wheat meets an entirely different 
competition than cmmmon wheat, it also has to mect a critical con= 
petition. Although the manufacturers heve expended a great deal 
of effort to increase the consumption of macaroni they have not 
been nighnly successful. The Ancrican-torn citizen does not cesily 
cnange his staple foods, and the large bulk of durum wheat pro- 
cCucts is still usec by the foreign-born citizens or residents of 
the United States. 
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NEW WHEAT VARIETIES FROM THE POINT 


OF VIEW OF THE COMmaCL.L MILLER. 


T. C. Roberts 


I wish to assure the Conference that I welcomed the oppor- 
tunity to come to this meeting and to become a part of it, even 
though my contribution is of little value, because I was sure 
that a thorough discussion of the topic that we have on hand here 
today would result in a program of very great benefit to all the 
industries involved. 


I have given some thought to the subject assigned to Mr. 
Gray and myself, and heve made an effort to analyze and define it, 
but I have not been able to come to cecide that the commercial 
miller has any definite point of view with regard to new wheat 
varieties. I suspect that most of us as cormercial millers cre 
a bit inclined to treat or to approve of ney wheats in the tra- 
ditional way in which a Scotchman is said to treat his wife, that 
is, reluctantly. . There are several reasons basic in the industry 
for this conservatism on the part of millers. First, the varie- 
ties raised in any given erea usually come to the terminal mer- 
kets pretty thoroughly mixed. For this reason, with the exception 
of perhaps one or two standard varieties, the millers my not 
have a clear idea of the characters of the minor varieties grown 
by farmers. Without a complete milling knowledge of the various 
varieties the miller fecls thet e very careful attitude should be 
taken towird any newly hemalded variety. The commercial miller 
would be in a freer position to make definite statements with 
regard to wheat varieties if he were producing the final product. 
AS a matter of fact, the miller manufactures flour, anc as a 
consequence he ssust depend in turn upon the critical attitude of 
the baker. 


In supplying flour to the baker the miller naturally comes 
into competition with other millers producing more or less sini- 
lar flours. As a result of this a new variety, especially if it 
differs in milling and baking values from the standard varieties, 
is apt to have a disturbing effect upon the market with a conse- 
quent disturbing effect upon the niller. This has actually beon 
the case in more than one instance. 


It is rather self-evident that to the niller the first requis- 
ite of a variety of wheat is that it produce a satisfactory in- 
come to the farmer, for it is useless to expect a fermer to raise 
a wheat at a loss, even though it might appear of the greatest 
value to the commercial miller. If 2 variety is satisfactory to 
the farmer, if he can raise it profitably, then the mill has 
reasoneble assurance of an adequate supply of wheat. 
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A wheat variety also must produce a sufficicntly hich yield 
of flour to enable the mill to compete successfully with other 
nills grinding wheats of a more or less similar type. Not only 
rust the quantity of flour be satisfactory, but the quality also 
is of the first importance. It is probably safe to say that in 
the last few years the great increase of machine-made bread has 
an influcnce upon the demands made upon quality. Formerly, wien 
bread was made mainly by hand, making bread was more or less of 
an art, and it took longer to discover the defects of a flour. 

At the present time, with the increasing mechanical processes, 
defects of character in a flour show up more rapidly in the var- 
ious mechanical operations. Because of this a great demand has 
been placed upon the millers for flours of certain types, and of 
Great uniformity. Not only this, but the change in the character 
of the flour is reflected beck to the miller more rapidly than it 
was in previous years. I believe that the cormercial miller may 
be a good deal of help to the man engaged in the production of 
new varieties of wheat by interpreting to hin the commercial re- 
quirements of flours. I believe that the commercial mills are in 
a better position at the present time to aid the plant breeder 

in this work than formerly. One reason for this is that their 
laboratory facilities are more complete and better organized. 
also, in the milling business the work is not distributed evenly 
throughout the year. Conditions are such thet additional labor 
is necessary in the rush season. After the peak of work is over 
the cormercial mill has facilities which might be utilized in cg- 
operating with the plant breeder in determining what v-rieties 
ere most satisfactory in a commercial way. 
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Pres. Coulter:- 

I believe this finishes the program of talxs and articles which 
we had outlined for the Conference. You will notice that it is in- 
dicated on the program that certain comnittees are to de appointed. 
It has been suggested that in addition to the three committees which 
are indicated, that a coordinate program committee be appointed deal- 
ing with the milling and baking phase of wheat improvement. For the 

general committee on wheat improvement I will appoint the following: 
Walster, Hayes, Clark, Waldron, Aamodt and Stakman. 


The committee having to do with milling and baking in the ;rogram 
of wheat improvement will be constituted as follows: 
Bailey, Sherwood, Loomis, Mangels and Gray, 


The committee on organization and cooperation will be as follows: 
Freeman, Ball, Dinwoodie, Hume» Roberts, MeKee and Brentzel. 


Tne committee on finances is: 
Woodworth, Coulter, Ball, Boss, Trowbridge, Haw and Governor Sorliec. 


” I see now that the time is 3:15, and I would sugzest that these 
committees meet immediately and try to report here at 4:00. Those 
in attendance at the Conference who have not received definite 
aopointments on committees are asked to sit in with that committee 
in which he is most interested. 

John Hav: 

I would suggest that as a part of the action of this Conference 
an organization be formed from Meare” atlas ef the four states, 

i aegis North Dakota, South Dakote, and Montana. I beli®ve iat 

a Conference of this kind should not be allowed to adjourn without 
ad he some sort of an organization. 

Dre Ho Le Walster: 

I am heartily in accord with the suggestion made by Mr. Haw. 
This country is pretty well provided with national Ee ae 
but 1 am of the opinion that we have too few regional meetings. Re- 
gional meetings of greater frequency would lead to a more intimate 
study of our special problems, and I believe that in developing re- 
gional meetings we would be develovins a plan which would help us 
very much in the solutions of many of’ our problems. 

Dean E. M. Freeman: 

The aims and plans of this Conference, I believe, should be 
translated into some sort of action, not poorly considered action, 
but action which will receive careful consideration. Before much 
discussion will be profitable, I believe that it is necessary to cet 

down to the work of the finance committee. However, before the 
finance cormittee can do much that committee must know what the 
other committees are contemmlating. I wish to suggest that after 
the cormittees upon program and upon organization adjourn that they 
send representatives from their committees to sit in with the fi- 
nance comiittee and give to the finance comzittsee a report as to 
their findings. 3y doing this the finance cormittee will have a 
starting point. 
Dean Freemans sugsestions were put into the form of a motion and 
carried. 
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Governor Sorlie moved that the Confvrence be made a permanent 
organization. The motion was seconded by Mr. John Haw, and was 
carried unanimously. 


At this point the presiding officer, President J. L. Coulter, 
suggested that before proceeding further with the matter of per- 
manent organization, that the cormittees begin their deliberations 
and that after the committees had reported further consideration of 
permanent organization be taken up. 


Committee Reports. (1) Program. 

It was sucgested that in outlining the general program that 
the contemplated program for the U. S. Department of Agriculture 
and the one for the individual states be sonsidered separately. Dr. 
Hayes thought it advisable to make one unified program, in order 
to simplify matters, for both groups; later the two could be seg- 
regated. Chairman Walster stated that he had the Department's ten- 
tative program at hand, and proceeded to read it in its entirety. 
In discussing the tentative Department program as presented«before 
the committee, Dr. Hayes stated that he considered the progam 
satisfactory so far as routine procedure was concerned, but he did 
not belicve that enough provision had been made for fundamental 
studies, except along physiological lines. He believed that sums 
should be provided for fundamental studies in genetics and with re- 
gard to disease-producing organisms. It was stated by J. A. Clark 
that the work contemplated in the suggested Department program was 
not provided for by present bills before Congress. The recormend= 
ations made by the Conference would have to be taken care of by 
bills to be introduced in the future. It would be impossible to 
secure legislative resnonse for any work this season. Even so, it 
would be immortant to get the program outlinec ‘and agreed to as soon 
as possible in order that it be placed in the hands of the Budget 
Bureau in the comparatively near future. Dr. Hayes suggested a 
definite statement with regard to the studies that should be made 
relative to genétics and cytology. This statement is as follows: 

"Personnel and support for a more adequate study of genetic 
principles which furnish a foundation for a breeding program. This 
support would make possible ea fundamental study of the inheritance 
of individual chniracters, including reaction to diseases, the inter- 
relations of characters in inheritance, and biometrical studies to 
cetermine the relative importance of manner of reaction to various 
diseases as well ss the importance of diiferent agronomic ch-racters. 
Such studies are necessary in order to correctly formulate a breeding 
program". 


The part of the program relative to the increase of breeding 
stations was discussed. Dr. Waldron pointed out that difficulties 
would be involved if one or more acditional breeding stations were 
started in North Dakota. Aditional stations would lead to dup- 
lication of work and isolation of workers. He believed that with 

three breeding stations already located in North Dakota, that the 
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new work contemplated in the durum srea at Langdon should be in the 
nature of testing out the material produced by the cross¢s made 

at the other breeding stations, particularly at the central station 
at Fargo. It was the opinion of the com ittee that new breeding 
stations should not be established unless conditions secmed to be 
quite imperative. Central stations should be utilized for the 
making of crosses and for the production of the F] and Fo generations. 
With regard to the amount of money needed for fundamental studic 

the committee came to the conclusion that $45,000 vould be no more 
than what was needed. This amount would be distributed according to 
the following scheme: 

(1) Fundamental studies on milling and baking methods, includ- 
ing methods and nature of processes $10,000; (2) fundamental 
studies in crop ecology and. agricultural meteorology in relation to 
wheat production Glo, 000; (3) fundanental studics in genetics ana 

eytology of wheat’ and (4) fundamental studies on the pathogenes 
or arganisms causeng the most a ee diseases, including the 
nature of disease resistance $10,000. Total $45,000. 


The REPELS cormittece recommended that the Conference give 
official sanction to the tentative program originally suggested, with 
the modifications indicsicd, plus the sugsestea studies for fund- 
amental investigations in the scientific lines listed above. 


Dr. E. C. Stakman moved that the program as outlined be con- 
sidered as a Federal program and that the Conference support it as 
such. In addition, each state should work out a program for its 

om. perticular nseds, which program could come before the program 
committee ofthe Conference at a later Cate and be given its official 
sanction if considered feasible. This motion was carried. 


It wes suggested that this cormmittce act in an advisory cape- 
city, and that for this Pore it could meet occasionally to ad- 
vantage. In these meetings aid could be extended to the different 
states in formulating programs, and in ecting in 2 suggestive 
manner to the Federal program as to the best metnods of oe it 
out. lt was further suggested that ths progran committe aon organ= 

zed in such a way that each state be represented. For 
the work of the prozram committee would be limited to a pee 
of the wheat crop. Later, if considered desirable, the work could 
be expanded to include other cereals. 


A repert of Dean Walster as chairman of the program committee 
to the organization comnittee follows: 


"We have considered the program of the U. S.: Department of 

Asriculture, which calls for an annual expenditure of $40,000. 
From a study of this report it is evident thst nost of the money 
recommended to be expended is for rether routine work. Some of this 
routine work is in eddition to that where siniler work is Aiready 
zoling on ana part of it is an extension of routine work into new 

elds. The routine work sugczested in the Department's program in- 
cluces the work of plant breeding, variety testing at different 


* Genetics and cytology of wheat $15,000. 
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stations, protein and milling tests, and a certain number of pnysi- 
olozical tests. The cormittee believes that additional studies 
are needed unon four other subject groups, and the cormittee fur- 
ther believes that these subject sroups for proper stucy will re-~ 
quire essentially the same amount of money as is already recormend- 
ed by the Department program. The recommended fundamental studies 
are upon the subjects of : (1) plant pathology, and under this 
would be included a study of the pathogenes causing the most im- 
portant diseases, and a study of the nature of disease-resistance; 
(2) fundamental studies on genetics and cytology; (3) fundamental 
studies on milling and baking, including the nature of the proces- 
ses involved; (4) sandamental studies on crop ecology and agri- 
cultural : netcorolosy in relation to wheat production. Tiu.ere is 
needed for these fundamental studies, including the fundamental 
studies upon vlent physiology already outlined in the Department 
program the sum of $85,000. (This is recommended to be assigned 
to the various subjects in accordance with the statement alreacy 
given.) Up to the present time, comparatively little study has 
been made upon the chemistry of wheat, especially upon the chemistry 
of hard red spring wheat, or upon the genetics of chemical factors. 
After research work has been done, as suggested by this cormittee 
we will be in a much: better position to answer the question: Why 
is.a certain field result obtained? To sum the whole matter up, it 
is the suggestion of this committee that ‘the Conference be asked to 
support a large federal program callings for an annual expenditure of 
$85,000; in addition, it is recommended that eadh state formulate 
a state prograri in accordance with its own needs. 

Report of Milling and Baking Section. 

At this point the sectional program cormittece appointed to re- 
pene upon milling and baking presented the following report by its 
chairman, Dr. ¢, H. Bailey: 

1. Consolidate the data from various sources and attenpt its 
analysis. 

a Zxperiment stations of: Montana, North Dakota, Minnesota, 

South Dakote, Canadian Province, and Federal laboratories. 


b Milling companies. 
¢ state testing mill of Minnesota. 
2. dork toward the end cf developing uniform methods for the ex- 


anination of: 
a Bread wheats. 


“3 


b Durum wheats. 


GQ 


To cooperate with and advise nlant breeders in the testing of 
perental varieties and hybrids. 

a Analyze commercial practices and indicate their relation 
to the application of laboratory tests. 
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b Devise new procedures Which disclose properties of commer- 
cial importance. 


e Set uperiteria and indices to be used in interpretin™ mill- 
ing and bakin> laboratory data. 


The report of the sectional cormittee on millin™ and bakinz 
was accepted by the main prosram cormittee as an intecral portion 
of the whole prorram. At this point Dean E. M. Freeman introduced 
the followins resolution: 


"While it is recomnized that the support of an improved wheet 
brecdin= prosram lies lorvely in appropriction from Federal and 
state funds, attention should be called to the excellent opportun- 
ity that is afforded by the proposed work for private funds. Con- 
secuently it is the sense of these committees that the attention 
of the public should be called to the creat value which would re- 
sult if somewhat ample dunds were provided b- a private individuel 
or by a froup of individuals." 


This motion by Dean Freeman was seconded and unanimously 
Carried. 


At this point the Conference reconvenec at 4:00 to hear the 
a 
r_enorts or the program cormittee and the other committees. The 
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prosram committec, after havine received reports from the sectional 
committee on millins: and bakin=, end reports from the committee on 
organization, reported to the Conference as follows: 


It is not possible for any committee, either larse or small, 
to formulate an adequate prozram in 40 cr 50 minutes for a half 
Dillion dollar incustry. As a workine basis we had a tentative 
prorzram that had been worked out by officials of the U. S. Depart- 
ment of Asriculture. I am coins to read that prorran, and then als 
furnish you the surrested aciiticns that we mde tc it in cormittee. 
It was the sense of our committces thet that which I am -cin: to 
read be recommended by this Conference essentially as a prorram for 
these four sprinc: wheat states. lt was the further sense that each 
state should formulate a state prorram, and that this Conference 
should support such states prosrams and the federal promram as 
fully as possible. It was succested that the »vrosran cormittee 
serve in an advisory capacity, continu3}Rg throushout the year until 
chanfed in personnel. It was further sucrested that the committee 
help outline and supyort the state and federal prorram, and.in 
order to do this to the best advantase it was sucrested that the 
program committce be orranized in such a way that it carry members 
from each of the four states interestcd. The cormittee further 
sucgsests that this Conference invite all interested parties to par- 
$iGipate actively in forwarding a more adequate whent prosram for 
these four northvestern states. 
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It is suggested that work on the program be prepared surf 
iciently early so that it can go before the Budget Bureau in 
time to be introduced into the next session of Congress. It was 
reported to the Conference as a whole that the program committee 
felt that it was impracticable to formilate four separate state 
programs; it was probably unnecessary to do this in the main as 
each state could probably work out its own program to the best 
advantage. It was sugcested that arrangements be made, if pos- 
Sible, to have the committee meet occasionally to consider the 
program further, to act in an advisory capacity, for its effic- 
ient conduct. It was suggested further that the program commit- 
tee give its attention to the possiblility of further support 
to the asencies already set up in the several states in this 
area having to do with the testing of wheat varieties and the 
production of new hybrids. 


Toe report of the program committce as herein outlined was 
adopted. The following motion was introduced by Dean BE. M. 
freeman: 


"I move that a program committee of three individuals be 
appointed from each state, three from the Department of 
Aericulture and four consulting members from Canada, one 
each from the provinces of Manitoba, Saskatchewan and 
Alberts, and one representing the Dominion as a whole, to 
make plans for campaizns, prosrams and for future con- 
ferences;™ 


which motion was seconded and carried. 


President Coulter asked for a report of the Finance Con- 
mittee. Mr. R. P. Woodworth, chairman of the committee, reported 
that the program which the representatives of the program cori- 
nittee had sent dowm to them had been talked over and approved 
in a general way. It was reported that no considerable amount 
of money could be made available for the present yeer, either 
from legislative or private sources. It was pointed out that in 
different states it might be possible to secure from the state 
treasuries emergency funds which could be put to use in the 
comparatively near future and that even a limited amount of 
funds would be desirable this present season in order to allow 
the wheat improvement program to go into full forces the fol- 
lowing year. Part of these funds cculd also be used to advantag 
in allowing the committees to meet to: sive further attention to 
the development of the program. It was also suggested that a re- 
port be prepared of the present Conference. It was moved that 
the chairman appoint a committee of one representative from each 
state, together with one from the Devartnment of Agriculture-- 

a committce of five, which would be requested to report tonight 
plans for permanent organization, and second, to zive definite 
sugcestions 2s to complete personnel of this program cormittee, 
after the dinner in the evening. This motion was seconded and 
carried. President Coulter appointed Dean Freeman, Dean 
Walster, Prof. Clyde NcKee, A. N. Hume, and Dr. ¢. R. Ball. 
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At 5:00 o'clock, the Conference adjourned from the Green Hoom to meet 
at 6:50 for dinner at the Chamber of Commerce. Attending the dinner, in 
addition to those at the Conference, were a number of representative busi- 


. ness men from fargo and farmers from adjacent localities. Te Chamber of 
Commerce courteously acted as Host to those from out of town attending the 
, Conference. Dean H. L. Walster presided at the dinner. Mr. W. P. Chestnut, 


Secretary of the Chambér, welcomed the inembers of the Confcrence to urgo 
which welcome was answered by President J. L. Coulter. Ths following toasis 
4 were responded to. 

Modern science and modern crops. Doan E. M. Freeman. 

Ye editor looks at the wheat crop. Dr. J. T. E. Dinwoodie. 

Barly wheat breeding days. Prof. J. H. Shepperd. 

A better wheat. crop in. the slevators. Mr. Rk. P. Woodworth. 

Tie railroad, the farmer end the wheat crop. Mr. Juhn Haw. 
Would the miller and beaker like better wheat? Dr. C. H. Bailey. 


Following the program of toasts, Mc. W. T. G. Wiener of the Mazitoba 
Agricultural College responded informally for the Dominion of Canada. 


Dean E. M. Freeman, Chairman of the cormittce on pe lent organizatioi 
reported as follows: 
1. Officers: President, J. L. Coulter; Vice-President, Andrew Boss; 
Secretary-Treasurer, L. R. Waldron. 
2. Genoral program committee of nineteen. (This is to be composed 
of members from each of the four states concerned- cach state 
committce to develop its own state program, three members rep- 
resenting .the U. 5. Department of Agriculture and four (consulting! 
members from the Dominion of Canada, the first representing the 
’ Dominion as a whole and one from cach of the prairic provinces): 
Minnesota: T. C. Roberts, &. C. Stakman and HE. K. Hayes. 
North Dakota: L. R. Waldron, H. L. Walster and Roy Johnson. 
’ South Dakota: C. Larsen, A. NM. Hume and J. T. &. Dinwoodie. 
Montana: Clyde McKee, L. D. Kurtz and J. A. Wilson. 
DOpu selene se oe pRemodt. uM Ay McCall and 0.8. Clark. 
Dominion of Canada: W. Te Ge qilener 5; Manitoba: C. H. Goulden. 
Saskatchewan: J. B. Harri-” -* Alberta: Robert Newton. 
.. HH. K. Hayes was appointed general chairman of the program cormiti co 
Oo. Finance @ommittee of five: Dan Wallacel Chairman, J. L. Coulter, 
W. C. Helm, John Haw, J. T. &. Dinwoodie. 
4. eats Pocmittes of five composed of the three officers named 
and the chairmen of the program. and finanee committees. 


After a rising vote of thanks by the visiting members in appreciation 


of the courtesies shown by the Fargo Chenber of Commerce and by the North 
Dakota Agricultural College, the Conference adjourned. 
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lselected letor. Editor, The Farmer, St. Paul, Minn. 


(This report edited and compiled by L. R. Waldron, Secretary.) 
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A PROGRAM FOR BREEDING HARD SPRING WHEATS, AND RESEARCH FUNDAMENTAL 
THERETO, FOR THE NORTH-CENTRAL STATES 


8 


INTRODUCTION 


Hard red spring and durum wheats are produced chiefly in Minne- 
sota, South Dakota, North Dakota, and Montana, where spring wheat is 
an extremely important crop. 


A breeding and improvement program of considerable extent is 
under way in most of the States named. It is universally recognized, 
however, that this program is not at all adequate to the needs of the 
Situation as it now exists. Accordingly, the first annual spring- 
wheat breeding conference was held by sceintific and commercial repre- 
sentatives of these four States at the North Dakota Agricultural Col- 
lege, Fargo, North Dakota, on March 27, 1928. This conference tenta- 
tively outlined what was considered to be an adequate breeding program 
and also a program of additional research fundamental to such a breed- 
ing program. It created a permanent organization to complete the pro- 
gram and to make arrangements for cooperation in financing it. 


The program proposes, first, the fullest utilization of existing 
facilities at State and Federal stations and substations, and, second, 
the establishing of additional facilities where needed for a complete 
and properly distributed breeding and research program. The proposed 
breeding and research program will include: 


A» Breeding better wheat varieties, by 


1. Expansion of present breeding projects, using 
existing stations ($7,300), 


e+ Establishment of two additional breeding centers 
on two existing substations ($7,500), 


3. Testing in State-wide farm nurseries, 

4, Establishment of a large, centrally-located nursery 
for determining disease reactions under artifi- 
cial epidemics ($4,500, includes 5 below), 


5S. Inspection of breeding material for disease, and 


6. Expansion of laboratory facilities for quality 
testing ($8,000). 
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B. Research fundamental to the breeding program, as follows: 
1. Studies in crop ecology and physiology ($17,000), 


e+ Studies on relations between pathogen, host, and 
environment ($10,000), 


3. Studies in the fundamentals of genetics, including 
cytology ($12,000), and 


4, Studies in the chemistry of the wheat plant, 
including kernel ($10,000). 


While the initial emphasis is placed on wheat and the proposed 
program is for wheat breeding and improvement, and certain researches 
fundamental thereto, it is realized that there is need of similar 
work on the other cereals. Eventually the program might well be ex- 
tended to include oats, barley, rye, and flax, other important grain 
crops in the area. The fundamental research noted above should be 
applicable in large measure to the breeding problems with these other 
crops. 


A. BREEDING BETTER HARD SPRING WHEAT VARIETIES 


1. Expansion of present breeding projects, using existing stations 
($7,300) 


The present series of stations and substations in these four 
spring-wheat States covers the area fairly adequately, except for 
the two deficiencies mentioned in chapter 2. These stations should 
be more uniformly and efficiently utilized, however, for testing pur- 
poses. The proposed expanded cooperative program will provide for 
much more uniform and complete tests on all stations, and therefore 
utilize these present facilities much more completely and efficiently. 
To determine completely the adaptations of the numerous new selections 
requires adequate testing over the entire area, which is not now pos- 
sible. 


In Minnesota an extensive cooperative breeding program on hard 
spring wheats and durum wheats, and a lesser one on hard red winter 
wheats, are under way, including hybridization for resistance to stem 
rust. A cooperative cereal disease nursery of limited scope is con- 
ducted as a part of this program. In this nursery, varieties and 
selections are tested for resistance to stem rust, leaf rust, bunt, 
loose smut, scab, and various foot-rots. The breeding progenies are 
compared in nursery and field plats at St. Paul, and also at Waseca, 
Morris, and Crookston, representative of the principal wheat-growing 
areas, Milling and baking experiments are conducted on nursery and 
plat material. Some independent experiments on methods of determin- 
ing quality have been made. Present personnel already has produced 
more breeding material than can be adequately and widely tested for 
agronomic and other values. 
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It is proposed to add funds to provide for the necessary additional 
nursery and field testing at St. Paul, Crookston, Morris, and Waseca. 


‘In South Dakota, no definite State breeding program is under way. 
One private breeder, formerly in cooperative employment by Federal and 
State agencies, has made considerable progress in developing disease- 
resistant wheats. Independent varietal tests are conducted at the 
State station at Brookings, and the substation at Highmore. This work 
Was cooperative with the U. S, Bureau of Plant Industry previous to 
June 30, 1920. An additional cooperative breeding center located in 
the principal spring-wheat-producing section of South Dakota is to be 
established, as indicated under chapter 2 below. To provide for ade- 
quate State-wide testing of the material produced at this breeding 
center, it is proposed to allot funds at Brookings, Highmore, and 
Eureka (State stations), and at Ardmore and Newell (Federal stations). 


In North Dakota a partly cooperative program is under way similar 
to that in Minnesota, but less extensive, The disease nursery is not 
included, dependence being placed on natural field infection. selec- 
tions developed are tested at the State Experiment Station at Fargo 
and at the substations at Dickinson, Edgeley, Langdon, and Williston, 
and at the Northern Great Plains Field Station at Mandan, the more im- 
portant ones in both nursery and plats. Promising nursery material 
was placed by State agencies with farm cooperators throughout the State 
in 1927. Independent milling and baking experiments are conducted, and 
also some work on methods of determining quality. One new breeding 
center for durum wheat is provided under chapter 2 below. For State- 
wide testing of the material from this center and the large amount of 
hard red spring material already available, additional funds are needed 
at Fargo, Dickinson, Edgeley, Hettinger, and Williston (State stations), 
and Mandan (Federal station). 


In Montana a cooperative program is under way which includes breed- 
ing operations and nursery tests at the State Experiment Station at 
Bozeman and at the substations at Moccasin and Havre, and plat tests 
at these stations and at the substation at Huntley. The material already 
available is more than can be handled adequately. The proposed expansion 
provides for adequate testing at Bozeman, Havre, Huntley, and Moccasin, 
covering the State of Montana, and at Sheridan, Wyoming, for the adja- 
cent similar part of that State. 


The funds for the proposed expansion are indicated below in the 
attached budget. 
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2. Two additional breeding centers ($7,500) 


Two additional wheat-breeding centers are needed, utilizing sub- 
stations already in existence, if possible. One of these centers 
should be located in northeastern South Dakota, preferably at the U. 
S. Forage-Crop Field Station at Redfield. 


The other should be in the durum area of North Dakota, preferably 
at the Langdon Substation. These two wheat-breeding centers will be 
used mainly in testing selections of various crosses for yield and for 
disease resistance, and for providing rod-row and plat material for 
Milling, baking, and chemical studies. The main portion of the hybrid- 
ization and the early-generation selection should be done at the chief 
Federal and State stations. Some hybridization, the growing of the Fy 
generation, and growing, studying, and making selections from the Fo 
generation, may be done at the two additional breeding centers. 


3, state-wide farm nurseries 


These tests of promising varieties and selections will be made on 
private farms well distributed over each State, especially in those 
sections not represented by a station. This work preferably should be 
done in cooperation with the College Extension Service. As far as pos- 
sible, therefore, the tests should be located favorably for supervision 
by county agricultural agents, Smith-Hughes teachers, or other respon- 
sible and well-trained persons. It is recognized that these tests are 
a State function, and no Federal funds will be devoted to them. 


4. Establishment of a large, centrally-located disease- 
testing nursery ($4,500, includes 5 below) 


A central, large-scale, disease-testing nursery should be estab- 
lished. This nursery should provide facilities for testing all prom- 
ising selections from the different breeding centers for reaction to 
the prevalent physiologic forms of the important diseases. Provision 
should also be made for the maintenance of cultures of the more preva- 
lent physiologic forms of the important disease organisms in sufficient 
quantity for the use of the cooperating plant breeder. 


5. Inspection of breeding material for diseases (Budget 


item included in 4 above) 


Provision should be made for inspection of all the breeding mate- 
rial in the various nursery and plat experiments to determine the per- 
centages of disease infection. The different physiologic forms of the 
important disease organisms which occur at each of the various stations 
also should be determined. 
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6, Expansion of laboratory facilities for testing quality 
($8,000) 


Provision should be made for large-scale laboratory tests of nur- 
sery material in order to determine the probable quality and commercial 
value of strains in an early stage of their development. This applies 
particularly to crude protein and gasoline color values. The need for 
this increased chemical work can be met by enlarging the facilities al- 
ready existing in the U. S. Department of Agriculture, and by making use 
of the plants of the experimental mills now located in the spring-wheat 
area. 


Provision should be made for an increased number of milling and 
baking tests and for experimental manufacture of semolina and the edi- 
ble pastes from samples produced under comparable conditions. Milling 
and baking tests for varieties and selections grown in field plats 
should be uniform for the entire area and the results should be made 
available soon enough after harvest to serve as a criterion for future 
sowings, 


B, RESEARCH FUNDAMENTAL TO THE BREEDING PROGRAM 


l. Studies in crop ecology and physiology ($47,000) 


To breed new varieties most intelligently, more information must 
be available on the physiological effect of the different factors of 
environment (light, both quality and daily duration; temperature in its 
various relationships; fertility; moisture supply; humidity; etc.) on 
wheat varieties, both as reflected in final yield and in relation to 
disease resistance. A comprehensive study should be made of the distri- 
bution of present commercial varieties in relation to temperatures, 
rainfall, snowfall, soil type, and other factors of environment likely 
to have a bearing on adaptation. 


Studies should be conducted on the effect of controlled tempera- 
tures, fertility, and light on the life history and optimum develop- 
ment of representative wheat varieties. The differences between varie- 
ties in their reaction to these factors and the relationship of these 
differences to the adaptability of varieties to different environments, 
should be determined. Information on these items would be of great 
value in a breeding program. Location not yet determined. 


2. The relations between pathogen, host, and environment 
($10,000) 

Much work already has been done on the distribution and prevalence 
of different physiologic forms of stem rust of wheat, as well as on the 
reaction of host varieties, It is important, however, that further 
study should be given to physiologic forms of other pathogens, such as 
the bunt fungus, the leaf-rust fungus, the scab fungus, etc. The exist- 
ence of physiologic forms of some other fungi is positively established, 
and for still others is strongly suggested. This information is far too 
meager to serve the needs of the proposed breeding program. The exist- 
ence, the geographic range, and breeding significance of physiologic 
forms of all pathogenic fungi which attack the wheat plant should be de- 
termined. 
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A far more extensive program of research than has ever been under- 
taken should be directed along the lines of physiological conditions 
influencing disease development. The relations of moisture and temper- 
ature, for example, have an important bearing on resistance or on what 
appears to be resistance to disease. Further studies on these environ- 
mental factors should be carried out under controlled conditions in 
the greenhouse and correlated with weather conditions prevailing in 
the area concerned. A knowledge of the conditions most favorable for 
disease infection and development would facilitate the work very mate- 
rially by furnishing a means of detecting degrees of resistance or ab- 
solute resistance in plants. 


Studies should be made on the combined effects of two or more 
diseases. Very little is known of the conditions brought about by 
two or more diseaseSworking simultaneously on the same plants. A 
selection or variety which appears resistant to several diseases under 
pure-culture conditions may not prove so when subjected to two or more 
of the pathogens at the same time. Location not determined. 


3. Fundamental genetics, including cytolo 12,000 


A knowledge of the wheat genotype and linkage groups is very neces- 
sary for the best operation of the extensive proposed program. Much 
greater progress has been made with corn, for instance. Genetic data 
now available should be carefully analyzed and conclusions drawn. Both 
qualitative and quantitative characters should be studied, for the for- 
mer, even when of no evident economic value, may serve even better than 
quantitative characters of economic value in the analysis of the geno- 
type. Emphasis should be placed, however, on the inheritance of quanti- 
tative characters of economic importance. Studies of inheritance almost 
necessarily should be accompanied by cytological investigations. This 
is particularly true with wheat where crosses between varieties belong- 
ing to different subspecies and with different chromosome numbers, 
possess such great potential economic importance. 


4. Chemistry of the wheat plant, including the kernel 
($10,000) 


The cereal chemist in a plant breeding program can assist the 
plant breeders in selecting for quality. Better methods of examin- 
ing samples which are more selective and are applicable to smaller 
quantities of material should be developed. For developing such 
tests, more knowledge of the fundamental chemistry of wheat and flour 
is needed. Location not determined. 
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PROPOSED ALLOTMENTS FOR THE FEDERAL PORTION ($85,000) OF THE INCREASED 
COOPERATIVE BREEDING PROGRAM: 


RESERVES AND ADMINISTRATION ($8,700) 


Department Reserve (2 p.c.)-.-.$1, 700 


Bureau. Reserve (1 p.Ce)+.-eees S50 
Supervision, supplies, travel 6,150 $8 , 700 


A. BREEDING BETTER WHEAT VARIETIES ($27,300) 


1. Expansion of present breeding projects, using 
existing stations 


Minnesota 
St. Paul, Agr. Exp. Sta. (labor) $600 
Crookston, Substation (labor) 300 
Waseca, Substation (labor) 300 
Morris, Substation (labor) 300 $1,500 


South Dakota 


Brookings, Agr. Exp. Sta. (labor) 300 
Highmore, Substation (labor) 300 
Eureka, Substation (labor) 300 
Ardmore, U.S. Field Station (labor) 300 
Newell, U.S. Field Station (labor) 300 1,500 


North Dakota 


Fargo, Agr. ‘xp. Sta. (labor) 600 

Mandan, U.S. Field Station (labor) 500 

Dickinson, Substation (labor) 500 

Edgeley, Substation (labor) 300 

Hettinger, Substation (labor) 300 

Williston, Substation (labor) 300 2,500 
Montana 

Bozeman, Agr. Exp. Sta. (labor) 500 

Havre, Substation (labor) | 450 

Huntley, Substation (labor) 300 

Moccasin, Substation (labor) 250 1,500 
Wyoming 


Sheridan, U.S. Field Station (labor) 300 300 7,300 
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e. Establishment of two additional breeding centers 


North Dakota 


Langdon 
1 Associate Agronomist 3,000 
Station expense 300 3,300 
south Dakota 
Redfield 
1 Associate Agronomist 3,000 
Station expense £200 4, 200 7,500 


4 and 5. Establishment of a central disease-testing nursery 


and inspection of breeding material for disease 


ots, Paul) Chinn. ), Agr.) Bxp. Sta: 


1 Associate Pathologist 3,000 
Station expense 700 
Travel SOO 4, 500 4, 500 


6. Expansion of laboratory facilities for testing quality 


— ee 


Washington, D. C. 


Laboratories, Bureau Agricultural Economics: 


1 Miller 2,400 

1 Baker 2,400 

Equipment (macaroni 1500 6, 300 
manufacturing) 


Laboratory, Bureau of Chemistry and Soils: 


l Scientifie Aid 1,500 
Equipment 200 1,700 8,000 
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B. RESEARCH FUNDAMENTAL TO THE BREEDING PROGRAM ($49,000) 
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Grand total 


Crop ecology and physiology 


1 Physiologist 3,800 
2 Associate physiologists 6,000 
Equipment (temperature control 
apparatus, general apparatus, 
greenhouse equipment, etc.) 6,400 
Travel 800 


Relations between pathogen, host, etc. 


1 Associate Pathologist 3,000 
1 Assistant Pathologist 2,400 
Equipment (apparatus, greenhouse 
equipment, etc.) 4,000 
Travel 600 


Fundamentals of genetics and cytology 


. 1 Associate Agronomist 3,000 
1 Associate Cytologist 3,000 
e scientific Aids 3,000 
Equipment (eytological, labora- 

tory, field, etc.) 2,000 
Travel 1,000 


12,000 


Chemistry of the wheat plant, including kernel 


© Associate Chemists 6,000 
Equipment (laboratory) 3,500 
Travel 500 


PM ae ee tee et We a ee ee et a ee ee Wa i ke TM eo tA Tet a er a We Ae UY i A I a 


17,000 


10, 000 


12,000 


10,000 


+ + $85,000 
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